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Au increased high-mobility group A2 expression level is associated with 
malignant phenotype in pancreatic exocrine tissue. 

AbeN, Wataiiabe T, Suzulci V , Matsumoto N . Masaki T . Mori T . Sugiyama M 
Chiappetta G , Fusco A , Atomi V . 

First Department of Surgery, Kyorin University School of Medicine, 6-20-2 Shinkawa 
Mitaka, Tokyo 181-861 1, Japan, abenbtg@kyorin-u.ac.jp 

The altered form of the high-mobility group A2 (HMGA2) gene is somehow related to 
the generation of human benign and malignant tumours of mesenchymal origin. 
However, only a few data on the expression of HMGA2 in malignant tumour originating 
from epithelial tissue are available. In this study, we examined the HMGA2 expression 
level in pancreatic carcinoma, and investigated whether alterations in the HMGA2 
expression level are associated with a malignant phenotype in pancreatic tissue. High- 
mobility group A2 mRNA and protein expression was determined in eight surgically 
resected specimens of non-neoplastic tissue (six specimens of normal pancreatic tissue 
and two of chronic pancreatitis tissue) and 27 pancreatic carcinomas by highly sensitive 
reverse transcriptase-polymerase chain reaction (RT-PCR) techniques and 
immunohistochemical staining, respectively. Reverse transcriptase-polymerase chain 
reaction analysis revealed the expression of die HMGA2 gene in non-neoplastic 
pancreatic tissue, although its expression level was significantly lower than that in 
carcinoma. Immunohistochemical analysis indicated that die presence of the HMGA2 
gene in non-neoplastic pancreatic tissue observed in RT-PCR reflects its abundant 
expression in islet cells, together with its focal expression in duct epithelial cells. Intense 
and multifocal or diffuse HMGA2 immunoreactivity was noted in all the pancreatic 
carcinoma examined. A strong correlation between HMGA2 overexpression and the 
diagnosis of carcinoma was statistically verified. Based on these findings, we propose 
that an increased expression level of the HMGA2 protein is closely associated with the 
malignant phenotype in the pancreatic exocrine system, and accordingly, HMGA2 could 
serve as a potential diagnostic molecular marker for distinguishing pancreatic malignant 
cells from non-ncoplasfic pancreatic exocrine cells. 
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Selective apoptosis of natural killer-cell tumours by 1-asparaginase. 

Ando M , Sugimoto K , Kiloh T , Sasaki M , Mukai K .- Ando J , Egashira M , Schuster 
SM, Oshimi K . 

Department of Haematology, Juntendo University School of Medicine, Tokyo, Japan. 

We examined the effectiveness of various anti-tumour agents to natural killer (NK)-cell 
tumour cell lines and samples, which are generally resistant to chemotherapy, using flow 
cytometric terminal deoxynucleotidyl trans ferase-mediated dUTP-biotin nick end- 
labelling (TUNEL) assay. Although NK-YS and NK-92 were highly resistant to various 
anti-tumour agents, l-asparaginase induced apoptosis in these two NK-cell lines. NK-cell 
leukaemia/lymphoma and acute lymphoblastic leukaemia (ALL) samples were 
selectively sensitive to l-asparaginase and to doxorubicin (DXR) respectively. Samples of 
chronic NK lymphocytosis, an NK-cell disorder with an indolent clinical course, were . 
resistant to both drugs. Our study clearly separated two major categories of NK-cell 
disorders and ALL according to the sensitivity to DXR and l-asparaginase. We examined 
asparagine synthetase levels by real-time quantitative polymerase chain reaction (RQ- 
PCR) and immimostaining in these samples. At least in nasal-type NK-cell lymphoma, 
there was a good correlation among asparagine synthetase expression, in vitro sensitivity 
and clinical response to l-asparaginase. In aggressive NK-cell leukaemia, although 
asparagine synthetase expression was high at both mRNA and protein levels, l- 
asparaginase induced considerable apoptosis. Furthermore, samples of each disease entity 
occupied a distinct area in two-dimensional plotting with asparagine synthetase mRNA 
level (RQ-PCR) and in vitro I -asparaginase sensitivity (TUNEL assay). We confirmed 
rather specific anti-tumour activity of l-asparaginase against NK-cell tumours in vitro, 
which provides an experimental background to the clinical use of l-asparaginase for NK- 
cell tumours. 
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BMI-1 gene amplification and overexpressiou in hematological 
malignancies occur mainly in mantle cell lymphomas. 

BeaS, Tort F, Ptnyol M , Puig X , Hernaadez L , Hernandez S , Fernandez PL, van 
Lohuizen M . Colomer D. Canmo E . 

The Hematopathology Section, Laboratory of Anatomic Pathology, Hospital Clinic, 
Institut d'Investigacions Biomediques August Pi i Sunyer (IDIBAPS), University of 
Barcelona, Spain. 

The BMI-1 gene is a putative oncogene belonging to the Polycomb group family that 
cooperates with c-myc in the generation of mouse lymphomas and seems to participate in 
cell cycle regulation and senescence by acting as a transcriptional repressor of the 
INK4a/ARF locus. The BMM gene has been located on chromosome I Op 13, a region 
involved in chromosomal translocations in infant leukemias, and amplified in occasional 
non-Hodgkin's lymphomas (NHLs) and solid rumors. To determine the possible 
alterations of this gene in human malignancies, we have examined 160 
lymphoproliferative disorders, 13 myeloid leukemias, and 89 carcinomas by Southern 
blot analysis and detected BMl-1 gene amplification (3- to 7-fold) in 4 of 36 (1 1%) . 
mantle cell lymphomas (MCLs) with no alterations in the INK4a/ARF locus. BMM and 
p!6INK4a mRNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Western blot, respectively, in a subset of NHLs. BMI-1 
expression was significantly higher in chronic lymphocytic leukemia and MCL than in 
follicular lymphoma and large B cell lymphoma. The four tumors with gene 
amplification showed significantly higher mRNA levels than other MCLs and NHLs with 
the BMI-1 gene in germline configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between BMI-1 mRNA 
levels and protein expression was observed in all types of lymphomas. No relationship 
was detected between BMI-1 and pl6INK4a mRNA levels. These findings suggest that 
BMI-1 gene alterations in human neoplasms are uncommon, but they may contribute to 
the pathogenesis in a subset of malignant lymphomas, particularly of mantle cell type. 
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BMM Gene Amplification and Overexpression in Hematological Malignancies 
Occur Mainly in Mantle Cell Lymphomas 1 

Silvia Bea, Frederic Tort, Magda PinyoJ, Xavier Puig, Luis Hernandez, Silvia Hernandez, Pedro L. Fernandez, 
Ma art en van Lohuizen, Dolors Colomer,'and Elias Campo 2 

The Hcmatopathology Section, laboratory of Anatomic Pathology. Hospital Clinic, Jnstitut d'Investigocions Bhmediques -August Pi i Sunyer" (JDIBAPS), University of 
Barcelona. 08036 Barcelona. Spain fS. B.. F. T. M, P., X. P, L H„ S K, P. L P. D. C, £1 CJ. and Division of Molecular Carcinogenesis, The Netherlands Cancer Institute 
J 066 CX Amsterdam, Netherlands (M. v. L.J ' 



Abstract 

The BMJ-J gene is a putative oncogene belonging to the Pol) comb 
group family that cooperates with c-myc in the generation of mouse 
lymphomas and seems to participate in cell cycle regulation and senes- 
cence by acting as a transcriptional repressor of the JNK4a/ABF locus. 
The BMJ-J gene has been located on chromosome J0pl3, a region involved 
in chromosomal translocations in infant leukemias, and amplified in 
occasional non-Hodgkin's lymphomas (NHLs) and solid tumors. To de- 
termine the possible alterations of this gene in human malignancies, We 
have examined 360 lympboproliferative disorders, 13 myeloid leukemias, 
and 89 carcinomas by Southern blot analysis and detected BMJ-1 gene 
amplification (3- to 7-fnid) in 4 of 36 (11%) mantle cell lymphomas 
(MCLs) with no alterations in the JNK4o/ARF locus. BMI-1 and pJ6 ,NK4a 
• mRNA and protein expression were also studied by real-time quantitative 
reverse transcription-P.CR and Western blot, respectively, in a subset of 
NHLs. BMJ-I expression was significantly higher in chronic lymphocytic 
leukemia and MCL than in follicular lymphoma and large B cell lym- 
phoma. The four tumors with gene amplification showed significantly 
. higher mRNA levels than other MCLs and NHLs with the BMJ-J gene in 
gcrmlinc configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between 
BMJ-1 mRNA levels and protein expression was observed in all types of 
lymphomas. No relationship was detected between BMI-1 and pJ6 ,IVK ** 
mRNA levels. These findings suggest that BMJ-J gene alterations in 
human neoplasms are uncommon, but they may contribute to the patho- 
genesis in a subset of malignant lymphomas, particularly of mantle cell 

type 

Introduction 

The 'BM1-J* gene is a putative oncogene of the Polycomb group 
originally identified by retroviral insertional mutagenesis in E^i-c- 
myc transgenic mice infected with the Moloney murine leukemia 
vims (1, 2). These animals had a rapid development of pre-B cell 
lymphomas showing frequent proviral insertions near the BMJ-J gene. 
This integration resulted in BMI-1 overexpression suggesting a coop- 
erative effect between C-MYC and BMJ-J genes in the development of 
these rumors (3, 4). Recent smdies have indicated that the BMJ-I gene 
may also participate in cell cycle control and senescence through the 



JNK4a/ARF locus by acting as an upstream negative regulator of 
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pl6 INK# " and p]4/ P 19 ARF gene expression (5). The human BMJ-J 
gene has been mapped to chromosome 10pl3 (6), a region involved. in 
chromosomal translocations in infant leukemias (7) and rearrange- 
ments in malignant T cell lymphomas (8, 9). More recently, high-level 
DNA amplifications of this region have been found by comparative 
genomic hybridization in NHLs and solid tumors ()0, 11). However, 
the possible implication of the BMJ-J gene in these alterations and its 
role in the pathogenesis of human tumors is not known. The aim of 
this study was to analyze, the possible BMJ-J gene alterations, and 
expression in a large series of human neoplasms and to determine the 
relationship with JNK4a/ARF locus aberrations. 

Materials anil Methods 

Case Selection. A series of 262 human tumors, including 173 hematolog- 
ical malignancies and 89 carcinomas (Table 1), matched normal tissues from 
all carcinomas, 11 samples of normal peripheral mononuclear cells, and 5 
reactive lymph nodes and tonsils, were selected based on the availability of 
frozen sampler for molecular analysis. 

DNA Extraction and Southern Blot Analysis. Genomic DNA was ob- 
tained using Proteinase KTRNase treatment. 15 /xg were digested with EcoKi 
and Hind}}] restriction enzymes (Life Technologies, )nc, Gailhersburg, MD), 
for Southern blot analysts and hybridized with a L5-kb Fst\ fragment of the 
partial BMJ-1 cDNA (6). 

RNA Extraction and Real-rime Quantitative KT-PCR. Total RNA was 
obtained from 67 lymphoid neoplasms (10 CLLs, 27 MCLs. 8 FLs, and 22 
LCLs) using guanidinev rsomiocyanate extraction and cesium/chloride gradient 
centrifugalion. One p.g of total RNA was transcribed into cDNA using 
MMLV-re verse transcriptase (Life Technologies, Inc.) and random hexamers, 
following manufacturer's directions. Sequences of . the BMJ-1 and the pl6 
delection probes and primers were designed using the Primer Express program 
(Applied Biosystems, Foster City) as follows: BMJ-J sense, 5'-CTGGTTGC- 
CCATTGACAGC-3'; BMJ-J antisense, 5'-CAGAAAATGAATGCGAG- 
CCA-3': pJ6 sense, 5'-CAACGCACCGAATAGTTACGG-3'; pJ6 antisense, ■ 
5'-AACmCGTCCTCCAGAGTCGC-3\ The probes BMJ-J, 5'-CAGCTC- 
GCTTCAAGATGGCCGC-3', and pJ6, 5'-CGGACGCCGATCCAGGTGG- 
GTA-3', were labeled with 6-carboxy-fluorescein as the reporter dye. The 
TaqMan-GAPDH Control Reagents (Applied Biosystems) were used to am- 
plify and dcieci the GAPOH gene, as recommended by the manufacturer. The 
quantitative assay amplified 1 fun) of cDNA in two to four replicates using the 
primers and probes described above and the standard master mix (Applied 
Biosystems). AH reactions were performed in an AB1 PRISM 7700 Sequence 
Detector System (Applied Btosystems). GAPDH. BMM, and pi 6™ ** ex- 
pression was related to a standard curve derived from serial dilutions of Raji 
cDNA. The RUs of BMM and pi 6™"* expression were defined as the 
mRNA levels of ihese genes normalized to the GA DPH expression level in 
each case. 

Protein Analysis. Whole-cell protein extracts were obtained from addi- 
tional frozen tissue available in 31 cases (7 CLLs, 12 MCLs, 8 FLs, and 4 
LCLs), loaded onrp a J0% SDS-poiyacrylamide gel. and electrob Jotted to a 
nitrocellulose membrane (Amersham). Blocked membranes were incubated 
sequentially with the monoclonal antibody BMJ-F6 (12), anlimouse conju- 
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Table I Hematological malignancies and solid tumor samples analyzed for BMI-I 
gene alterations 



l \ 



0 



Tissue samples 


No. of cases 


Hematological malignancies 




Hodgkm's disease 


2 


B cell lymphoprolifcrativc disorders 




B-Acule lymphoblastic; leukemia 


14 


CLL 


29 


Hairy ccJI leukemia 


.4 


FL 


15 


MCL 


JO 


LCL 


40 


T cell lymphoproJifcralive disorders 




T-Acutc lymphoblastic leukemia 




Large granular cell leukemia 


4 


Peripheral T-ccll lymphoma 


8 


Myeloproliferative disorders 




Acute myeloid leukemia 


7 


Chronic myeloid leukemia 


6 . 


Solid tumors 




Colon carcinoma 


26 


Breast carcinoma 


29 


Laryngeal squamous cell carcinoma 


34' 


Total 


262. 



gated to horseradish peroxidase (Amersham), and detected by enhanced cherni- 
luminescence (Amersham) according to the manufacturer's recommendations. 

Statistical Analysis. Because of the non-normal distribution of the samples 
and the small. size of some subsets of rumors, the statistical evaluation was 
performed using nonparametric tests (SPSS, version 9.0). Comparison between 
mRNA expression levels in the different groups of NHLs was performed using 
the Kruskal-Wallis Test, with a P for significance set at 0.05. For differences 
between particular groups, the conservative Bonfcrroni procedure was per- 
formed, and the P was set at 0.005. The remaining statistical analyses were 
carried out using the Mann- Whitney nonparametric U test (significance, P 
<0.05). The comparison between BM1-1 and p!6 ,NMa quantitative mRNA 
levels was also performed using the Pearson's correlation coefficient. 

Results 

BMI-J Gene Amplification. The BMJ-J gene was examined by 
Southern blot in a large series of human rumors and normal samples 
(Table I). The cDNA probe used in the study detected three EcoKX 
fragments of 7.3, 3:8, and 2.6 kb and three //mdlll fragments of 6.2, 
4, and 3.5 kb. BMI-I gene amplification (3- lo 7-fold) was detected in 
4 of 36 (1 1%) MCLs (Fig. I). The amplifications were confirmed with 
both restriction enzymes. The amplified MCLs were two blastoid and 
two typical variants. No amplifications were observed in any of the 
solid tumors when compared with their respective matched non- 
neoplastic mucosa. No BMJ-1 gene rearrangements were observed in 
any of the samples examined. 

BMI-J mRNA Expression. To determine the BMJ-1 expression 
pattern in NHL we analyzed BM1-J mRNA levels by real-time quan- 
titative RT-PCR in 67 lymphomas ( 1 0 CLLs, 27 MCLs, 8 FLs, and 22 
LCLs), including the four tumors with gene amplification. A distinct 
BML I mRNA expression pattern was observed in the different types 
of lymphomas (Fig. 2; Kruskal-Wallis Test; P < 0.001). The BM1 
mRNA levels in CLLs (mean, 2.2 RU; SD, J.3) and MCLs with no 
BMJ-J gene amplification (mean, 2.5 RU; SD, 2.3) were significantly 
higher than in FLs (mean, 0.9 RU; SD, 0.8) and LCLs (mean, 0.6 RU; 
SD, 0.4; Mann- Whitney nonparametric O test; P < 0.01). The 4 
MCLs with BMJ-J gene amplification showed significantly higher 
levels of expression than all other groups of tumors (mean, 5.1 RU; 
SD, 1.6; P < 0.005). In addition, five typical MCLs with no structural 
alterations of the gene also showed very high levels of BM1- 1 mRNA 
expression ranging from 4 to 9.8 RU, similar to cases with gene 
amplification (Fig. Z4). 

BMJ-] Protein Expression. BMI-J protein expression was exam- 
ined by Western blot in 31 tumors (7 CLLs; 12 MCLs, including two 

2410 



cases with BMJ-J gene amplification and 4 cases with mRNA over- 
. expression and no structural alteration of the gene; 8 FLs, and 4 LCLs) 
in which additional frozen tissue was available. The monoclonal 
antibody against BMJ-1 detected three closely migrating proteins of 
M r 45.000-48,000 (2). The two more sJowJy migrating bands prob- 
ably represent phosphorylated isoforms of the protein (12). The two 
MCLs with gene amplification and three of four cases with mRNA 
overexpression without amplification of the gene showed very high 
levels of protein expression. The remaining MCLs and CLLs showed 
intermediate levels of protein expression, whereas low- or no-expres- 
sion signals were detected in the LCLs and FLs included in the study 
(Fig. 3). These results indicate that BMJ-J protein expression in NHL 
is concordant with the mRNA levels observed by real-time quantita- 
tive RT-PCR. 

Relationship between BMJ-1 and pl6 ,NK4a Gene Alterations. 

The INK4a/ARF locus has been recently identified as a downstream 
target of the transcriptional repressing activity of the BMJ-J gene, 
suggesting that this gene may contribute to human neoplasias with 
wild type INK4/ARF (5). Most of the lymphoproliferative disorders 
analyzed in the present study, including the four cases with BMJ-J 
gene amplification, had been previously examined for p53 gene mu- 
tations and JNK4a/ARF locus alterations, including gene deletions, 
mutations, hypermethylation, and expression (13, 14). The four MCLs 
with BMJ-J gene amplification and mRNA overexpression and the. 
five tumors, with BMJ-I mRNA overexpression with no structural 
alterations of the gene showed a wild-type configuration of the 
JNK4a/ARF locus (13). However, one case with BMJ-J gene ampli- 
fication and one case with mRNA overexpression with no alteration of 
the gene showed p53 gene mutations associated with allelic deletions. 

To determine the possible relationship between BMI-J and 
p]6 1NK4a mRNA expression, p]6 1NK " a mRNA levels were evaluated 
by real-time quantitative RT-PCR in 50 rumors (10 CLLs, 27 MCLs, 
and 13 LCLs), including 6 cases with alterations in the INK4a/ARF 
locus (2 MCLs and 1 LCL with pJ6 i>1KA9 gene deletion, 2 LCLs with 
pi 6 promoter hypermethylation, and 1 CLL with pI6 WK4a gene 
mutation), and the 4 lymphomas with BMJ-I amplification. Negative 
or negligible levels of pJ6 1>,K43 were observed in the 6 tumors with 
JNK4a/ARF locus alterations. These, cases were not included in the 
comparisons between BMI-I and p\6 lUK4 * mRNA expression. The 
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expression levels were relatively similar in the different 



types of tumors. Only LCLs tended to have lower levels of expression, 
but the differences did not reach statistical significance (Fig. 2B). No 
differences were observed in the p^ 1 ** 4 ' mRNA levels between 
rumors with BMI-I gene amplification and overexpression and lym- 
phomas with germline configuration of the gene. 
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Fig. I. Southern Wot analysis oTBAfll gene. Four MCLs (MCI*) showed BMI-I gene 
amplification (3- io 7- fold) ttwpared with non-neopiasiic tissues (A*) and other NHLs. No 
amplifications vi gene rearrangements were detected in the remaining NHLs and carci- 
nomas included in the shidv. 
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Fig. 2. quantitative BMI-I mRNA transcript analysts (median and range) using 
real-lime RT-PCR in a series of NHLs. MCLs with BMl-J gene amplification (A/Ci*) 
revealed significantly higher overall BMl-J mRNA levels than all other types of NHLs, 
including MCLs with no structural alterations of the gene (P < 0.005). MCLs and CLLs 
expressed significantly higher levels than FLs and LCLs (P < 0.00 J). Results arc depicted 
as the ratio of absolute BMJ-I.GADPH mRNA transcript numbers (RU). Bars, SD. 5. 
quantitative p!6 INK4 * mRNA transcript analysis (median and range) using real-time 
KT-PCR in a series of NHLs. Expression levels were relatively similar in the different 
types of rumors. Results arc depicted as the ratio of absolute pl6 ,NK * ,, ':GADPH mRNA 
transcript numbers (RU). Bars, SD. 



Discussion 

)n ibe present study, we have examined a large series of human 
tumors for the presence of gene alterations and mRNA expression of 
the BMl-J gene. Gene amplification was identified in four MCLs. 
These rumors showed significantly higher levels of mRNA and pro- 
tein expression compared with other lymphomas with BjW-I in germ- 
line configuration. BMl-J expression levels were also highly up- 
regulated in a subset of MCLs with no apparent structural alterations 
of the gene. No alterations were delected in any of the different types 
of carcinomas included in the study. BMl-J is considered an oncogene 
belonging to the Polycomb group family of genes. These proteins 
mainly act as transcriptional regulators, controlling specific target 
genes involved in development, cell differentiation, proliferation, and 
senescence. Different studies have shown the implication of BMl-l 
overexpicssion in the development of lymphomas in murine and 
feline animal models (3. 4). The findings of the present study indicate 
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for the first time that BMJ-l gene alterations in human neoplasms are 
an uncommon phenomenon, but they seem to occur mainly in a subset 
of NHLs, particularly of mantle cell type. 

The human BMl-l gene has been mapped to chromosome J0pl3. 
High-level DNA amplifications and gains in this region have been 
identified by comparative genomic hybridization in occasional solid 
rumors and NHLs (10. 1J). Different chromosomal translocations 
involving the I Op J 3 region have also been identified in infant leuke- 
mias and T cell lymphoproliferative disorders (7, 8, 15). Most acute 
Jeukemias with this chromosomal alteration occur in children <)2 
months of age, whereas it seems to be extremely rare in adults. lOp 
translocations in T-cell lymphoproliferative disorders have been ob- 
served mainly in adult T cell leukemia/lymphomas and occasional 
cutaneous T cell lymphomas. In our study, we did not observe BMl-l 
rearrangements or amplifications in any of the acute Jeukemias or T 
cell lymphomas. However, all of the acute Jeukemias in this study 
were diagnosed in patients over J 6 years, and no adult T ceJI Jeuke- 
mia/lymphomas or cutaneous lymphomas could be included in the 
series. Similarly, high-level DNA amplifications at the 10pl3 region 
have been detected in head and neck carcinomas and other solid 
tumors. Although we found no evidence for BMl-l gene rearrange- 
ments or amplifications in a substantial set of carcinomas, this does 
not exclude the possibility of increased gene expression or protein 
levels in these rumors. Additional studies are required to elucidate the 
possible involvement of BMl-J in these particular groups of human 
neoplasms. 

In human hematopoietic cells, BMl-l is preferentially expressed in 
primitive CD34+ bone marrow cells, whereas it is negative or very 
low in more mature CD34- cells (16). )n peripheral lymphocytes, and 
particularly in follicular B cells, BM]-J protein expression has been 
detected in resting cells of the mantle zone, whereas it is down- 
regulated in proliferating germinal center cells (17, 18). These obser- 
vations indicate that BMl-l expression in normal hematopoietic cells 
is tightly regulated in relation with cell differentiation in bone marrow 
and antigen- specific response jn peripheral lymphocytes. BMl-l ex- 
pression in hitman tumors has not been examined previously. In this 
study, we have demonstrated that BMl-l mRNA and protein expres- 
sion show a distinct pattern in different types of lymphomas. Thus, 
BMl-l levels were low in LCLs and FLs and significantly higher in 
MCLs and CLLs. These findings suggest that BMJ-J expression 
patterns in B cell lymphomas maintain in part the expression profile 
of their normal cell counterparts; because FLs and at least a subgroup 
of LCLs are considered lymphomas derived from follicular germinal 
center cells, whereas MCLs and CLLs are tumors mainly derived from 
naive pregerminal center cells. However, the four MCLs with BMl-l 
gene amplification expressed significantly higher mRNA levels than 
all other tumors. In addition, five MCLs with no structural alterations 
of the gene showed high mRNA levels similar to those observed in 
mmors with BMJ-l gene amplification, suggesting that other mecha- 
nisms may be involved in up-regulation of the gene in these lympho- 
.mas. Different studies using animal models have shown a dose- 
dependent effect of BMJ-l gene expression on skeleton development 
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and lymphomagenesis (1.3). These observations suggest that the high 
mRNA and protein levels detected in a subset of MCLs may play a 
role in the pathogenesis of these neoplasms. 

Recent studies have identified the JNK4/ARF locus as a down- 
stream target of the BMM transcriptional repressor activity, suggest- 
ing that BMM overexpression may contribute to human neoplasias 
that retain the wild-type )NK4a/ARF Jocus (5). Interestingly, in our 
study, BMJ-J amplification and overexpression appeared in tumors 
with no alterations in /?;r5 WK4a and p14 AKF genes. However, we could 
not detect differences in the expression levels of pl6 nsJK4il in rumors 
with arid without BMI-J gene alterations. The reasons for this apparent 
discrepancy with experimental observations are not clear. One possi- 
bility may be that genes other than JNK4afARF are the main targets of 
BMM repressor activity in these rumors. Particularly, different genes 
of the HOX family are regulated by BMM and may also be involved 
in lymphomagenesis (1 9, 20). 

In conclusion, the findings of this study indicate that BMJ-} gene 
. expression is differentially regulated in B cell lymphomas. Alterations 
. of the gene seem to be an uncommon phenomenon in human neo- 
plasms, but they may contribute to the pathogenesis in a subset of 
MCLs. Although, BMJ- J gene alterations occurred in tumors with 
wild-type JNK4a/ARF locus, the possible cooperation between these 
genes and the oncogenic mechanisms of BMM in human neoplasms 
require additional analysis. 
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Human thyroid carcinoma cell lines and normal thyrocytes: expression 
and regulation of matrix metalloproteinase-1 and tissue matrix 
metalloproteinase inhibitor-1 messenger-RNA and protein. 

Aust G, Hoftnann A, LaueS, RostA, Kohler T\ Scherbaum WA. 

Institut of Anatomy, University of Leipzig, Germany. 

Matrix metalloproteinase- 1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 
(TIMP-1) play an important role in remodeling the extracellular matrix in normal and 
pathological processes. The effect of phorbol-myristate acetate (PMA), interleukin-1 (1L- 
1), and tumor necrosis factor-alpha (TNF-alpha) on MMP-1 andTIMP-I expression was 
studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 
1736 thyroid carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA 
(mRNA) levels were monitored by competitive semiquantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) after 24 hours. Culture supernatants were assayed 
for free and/or complexed MMP-1 and TIMP-] after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems (detection limit: <2 ng/mL). MMP-1 and TIMP-1 
mRNA were present in all cell types, although thyrocytes showed MMP-1 mRNA levels 
near the detection limit. 8505 C expressed MMP-1 mRNA levels of up to 10(6) times 
those of the other cells analyzed. PMA and 1L-1 increased MMP-1 mRNA in most cell 
types. T1MP-1 mRNA increased after treatment with PMA in all cells except 8505 C, 
whereas only slight effects were shown after IL-1 stimulation. MMP-1 protein was 
undetectable in normal thyrocyte cultures, but was secreted spontaneously by all cell 
lines ([ng/mL]; C 643: 1 5+/-7; HTh 74: 81+/-1 ; SW 1736: 13+/-2; 8505 C: 2097+/-320). 
There was a strong correlation between levels of MMP-1 mRNA and protein (r = 0.99, p 
< .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. 
Fibroblasts ([ng/mL] 517+/-55) and the cell lines (C 643: 142+/-48; HTh 74: 1 15+/- 13; 
SW 1736: 202+/-14; 8505C: 120+/-19) secreted TIMP-1 in unstimulated cultures, 
whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TIMP-1 secretion after 48 hours in SW 1 736, HTh 74, and C 
643 ceils. Our data suggest that in contrast to normal thyrocytes, dedifferentiated thyroid 
carcinoma cell lines are potential producers of MMP-1 as well as TIMP-L High MMP-l 
or MMP-1/T1MP-1 expression may play a role in tissue invasion of undifferentiated 
thyroid cancer cells. 
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Expression of embryonic fibronectin isoform EIIIA parallels alpha-smooth 
muscle actin in maturing and diseased kidney. 

Barnes VL , Musa J. Mitchell RJ. Barnes JL . 

Department of Medicine, Division of Nephrology, University of Texas Health Science 
Center, San Antonio, Texas, USA. 

In this study we examined if an association exists between expression of an alternatively 
spliced "embryonic" fibronectin isoform EIIIA (Fn-EMA) and alpha-smooth muscle 
actin (alpha-SMA) in the maturing and adult rat kidney and in two unrelated models of 
glomerular disease, passive accelerated anti -glomerular basement membrane (GBM) 
nephritis and Habu venom (HV)-induced proliferative glomerulonephritis, using 
immunohistochemistry and in situ hybridization. Fn-EIILA and alpha-SMA proteins were 
abundantly expressed in rhesangium and in periglomerular and peritubular interstitium of 
20-day embryonic and 7-day (D-7) postnatal kidneys in regions of tubule and glomerular 
development Staining was markedly reduced in these structures in maturing juvenile (D- 
14) kidney and was largely lost in adult kidney. Expression of Fn-EIIIA and alpha-SMA 
was reinitiated in the mesangiurh and the periglomerular and peritubular interstitium in 
both models and was also observed in glomerular crescents in anti-GBM nephritis. 
Increased expression of Fn-EIILA mRNA by in si tu hybridization corresponded to the 
localization of protein staining. Dual labeling experiments verified co-localization of Fn- 
EHIA and alpha-SMA, showing a strong correlation of staining between location and 
staining intensity during kidney development, maturation, and disease. Expression of 
EIIIA mRNA corresponded to protein expression in developing and diseased kidneys and 
was lost in adult kidney. These studies show a recapitulation of the co-expression of Fn- 
EIIIA and alpha-SMA in anti-GBM disease and suggest a functional link for these two 
proteins. 
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Rapid quantitation of proinflammatory and cliemoattractant cytokine 
expression in small tissue samples and monocyte-derived dendritic cells: 
validation of a new real-time RT-PCR technology. 

Blaschke V, Reich K . Blaschke S. Zipprich S, Neumann C . 

Department of Dermatology, von-Siebold-Str. 3, D-37075, Goettingen, Germany. 
vblasch@gwdg,de 

The analysis of cytokine profiles plays a central part in the characterization of disease- 
related inflammatory pathways and the identification of functional properties of immune 
cell subpopulations. Because tissue biopsy samples are too small to allow the detection of 
cytokine protein, the detection of mRNA by RT-PCR analysis is often used to investigate 
the cytokine milieu in inflammatory lesions. RT-PCR itself-is a qualitative method, 
indicating the presence or absence of specific transcripts. With the use of internal or 
external standards it may also serve as a quantitative method. The most widely accepted 
method is quantitative competitive RT-PCR, based on internal shortened standards. 
Recently, online real-time PGR has been introduced (LightCycler), which allows 
quantitation in less than 30 min. Here, we have tested its use for the analysis of cytokine . 
gene expression in different experimental in vitro and ex vivo settings. First, we 
compared quantitative competitive RT-PCR with real-time RT-PCR in the quantitation of 
transcription levels of the CD4(+) cell-specific chemoattractant Interleukin-16 during the 
maturation of monocyte-derived dendritic cells, and found a good correlation between 
both methods. Second, differences in the amounts of IL-16 mRNA in synovial tissue 
from patients with rheumatoid arthritis and osteoarthritis as assessed by real-time RT- 
PCR paralleled differences in the level of IL-16 protein in the synovial fluid. Finally, we 
employed real-time RT-PCR to study the cutaneous expression of several cytokines 
during experimental immunomodulatory therapy of psoriasis by Interleukin-10, and 
demonstrate that the technique is suitable for pharmacogenomic monitoring. In summary, 
real-time RT-PCR is a sensitive and rapid tool for quantifying mRNA expression even 
with small quantities of tissue. The results obtained do not differ from those generated by 
quantitative competitive RT-PCR. 

Publication Types: 

• Evaluation Studies 
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Buty rate-induced reversal of dexaniethasone resistance ia autoaotnous rat 
Nb2 lymphoma cells. 

Buckley AR, Krumenacker JS . Buckley DJL Leff MA , Magnusou NS . Reed JC , 
Miyashita T, dc Jon% G , Gout PW . 

Department of Pharmacology and Toxicology, University of North Dakota School of 
Medicine and Health Sciences, Grand Forks 58202-9037, USA. 
abuckley@maiLmed.und,nodak.edu 

The parental rat Nb2 lymphoma is a prolactin (PRL) -dependent T cell line. Exposure of a 
PRL-independent subline, Nb2-SFJCD 1 , to sodium butyrate (NaBT) causes transient 
reversal of their growth factor-independent proliferation in association with constitutive 
expression of protooncogenes pim-1 and c-myc. In the present study, we investigated the 
effect of NaBT treatment on the sensitivity of Nb2-SFJCD1 cells to dexamethasone 
(DEX)-induced apoptosis. Pretreatment with NaBT (2 mM, 72 h) partially reversed 
resistance to apoptosis in Nb2-SFJCD 1 cells exposed to DEX ( 1 00 nM) for 12 h, 
assessed by flow, cytometric analyses of DNA fragmentation. However, the cytolytic 
effect of DEX was abrogated by PRL in a time- and concentration-dependent manner. 
Evaluation of apoptosis-associated gene expression in NaBT-pre-treated cultures 
incubated with DEX or DEX+PRL indicated that the apoptosis resistance did not stem 
from altered bcl-2 or bax expression. However, there was a strong correlation between 
the resistance to DEX-activaled apoptosis and their enhanced expression of pim-1 mRNA 
and protein. The results show that it is possible to reverse DEX-induced apoptosis of Nb2 
pre-T cells and suggest the pim-1 gene product has an important role as a suppressor of 
this process, perhaps functioning as a mediator of PRL action. 
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Characterization of cyclin D2 expression in human endometrium. 

Choi D , YoonS, Lee E , Hwang S , Soug S, Kim J , Yoon BFC Lee JH . 

. Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, South Korea. dschoi@smc.samsung.co.kr 

OBJECTIVE: This study was undertaken to investigate cyclin D2 mRNA and protein 
expression in human endometrium during the menstrual cycle. METHODS: Endometrial 
samples were obtained from 15 premenopausal nonpregnant women who had 
hysterectomies for benign gynecologic reasons. They were divided into the following five 
groups according to histologic dating: early proliferative (n = 3), mid to late proliferative 
(n = 3), early secretory (n - 3), mid secretory (n = 3), and late secretory (n « 3). Cyclin 
D2 nxRNA and protein expression were analyzed using reverse transcriptase-polymerase 
chain reaction, Western blotting, and immunohistochemistry. RESULTS: Cyclin D2 
mRNA and protein were expressed in human endometrial tissue throughout the menstrual 
cycle. Cyclin D2 mRNA and protein expression of proliferative phase endometrium were 
significantly higher than those of secretory phase endometrium (P <.05). The staining 
intensity of cyclin D2 in proliferative phase endometrium was higher than that in 
secretory phase (P <.05). Cyclin D2 mRNA level showed good correlation with cyclin 
D2 protein level (R = 0.579, P <,03), and cyclin D2 protein also showed good correlation 
with immunohistochemical staining intensity (R = 0.562, P <.03). CONCLUSION: 
Cyclin D2 was expressed in human endometrium throughout the menstrual cycle. Cyclin 
D2 mRNA and protein were expressed at high levels in proliferative phase endometrium, 
especially in the early proliferative phase, and then decreased in the secretory phase. 
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Downregulation of ENaC activity and expression by TNF-alpha in alveolar 
epithelial cells. 

Dagcnais A Frechette R, Yamagata Y . Yamagata T, Carmel JR Clermoat ME . 
Brochiero E , Masse C . Berthiaume Y . 

Centre de recherche, CHUM-Hotel-Dieu, 3850 St-Urbain, Montreal, Quebec, Canada 
H2W 1T7. andre.dagenais.chum@ssss.gouv.qc.ca 

Sodium absorption by an amiloride-sensitive channel is the main driving force of lung 
liquid clearance at birth and lung edema clearance in adulthood. In this study, we tested 
whether tumor necrosis factor-alpha (TNF-alpha), a proinflammatory cytokine involved 
in several lung pathologies, could modulate sodium absorption in cultured alveolar 
epithelial cells. We found that TNF-alpha decreased the expression of the alpha-, beta-, 
and gamma-subunits of epithelial sodium channel (ENaC) mRNA to 36, 43, and 16% of 
the controls after 24-h treatment and reduced to 50% the amount of alpha-ENaC protein 
in these cells. There was no impact, however, on alpha(l) and beta(l) Na(+)-K(+)- 
ATPase mRNA expression. Amiloride-sensitive current and ouabain-sensitive Rb(+) 
uptake were reduced, respectively, to 28 arid 39% of the controls. A strong correlation 
was found at different TNF-alpha concentrations between the decrease of amiloride- 
sensitive current and alpha-ENaC mRNA expression. All these data show that TNF- 
alpha, a proinflammatory cytokine present during lung infection, has a profound 
influence on the capacity of alveolar epithelial ceils to transport sodium. 
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Inhibin and activin productioa and subunit expression in human placental 
cells cultured in vitro. 

Debteve F ; Pampfer S , Thomas K . 

Department of Obstetrics and Gynecological Endocrinology, Universite Catholiquede 
Louvain, 1200 Brussels, Belgium. 

Inhibins and activins are dimeric proteins, with each subunit being one of three related, 
protein subunits (alpha, betaA or betaB). The mRNA levels of these sub units were 
studied quantitatively during in-vitro differentiation of human cytotrophoblast cells into 
syncytium, using Northern blot analysis and semi-quantitative reverse transcription- 
polymerase chain reaction (RT-PCR) analysis. The corresponding protein concentrations 
were determined by specific enzyme-linked immunosorbent assays for inhibin A, B, pro 
alphaC and activin A in cellular protein extracts and culture medium (n = 5). 
Immunofluorescence studies showed syncytium formation after 48 h. The alpha subunit 
was present before plating and increased at 48 h (PO.001) while the betaA subunit was 
weak before plating and increased at 24 h. The betaB subunit was not detected. With 
respect to corresponding protein synthesis, inhibin A (alpha + betaA) had risen after 48 h 
in cellular protein extract and after 72 h in culture medium, while activin A (betaA + 
betaB) was detected after 24 h, widi no significant variations in culture medium. There 
was a good correlation between inhibin A and alpha subunit expression (r = 0.736, 
PO.001), as well as between activin A and betaA subunit expression (r = 0.755, 
PO.001). This study showed that mRNA expression parallels protein synthesis of inhibin 
and activin in trophoblast cells. Inhibin A synthesis appears to be dependent on alpha 
subunit mRNA expression, rather than on the betaA subunit which controls activin A 
synthesis. This study has also shown that isolated cytotrophoblast cells do not produce 
dimeric inhibin. However, during the transformation of cytotrophoblast cells into 
syncytium, betaA subunit mRNA expression may be an indicator of cell aggregation, 
while alpha subunit mRNA expression may be an indicator of cell fusion. 
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Involvement of the CCND1 gene in hairy cell leukemia. 

dc Boer CJ, Kluin-Nelcmaris JC Dreef E, Kester MG , Kluin PM, Schuuring E. van 
Krieken JH . 

Department of Pathology, University of Leiden, The Netherlands. 

BACKGROUND: Previous results suggested increased mRNA expression of CCNDl in 
hairy cell leukemia (HCL). The CCNDl gene is involved in the t(I I;14)(ql3;q32) 
chromosomal rearrangement, a characteristic abnormality in mantle cell lymphoma 
(MCL). We and others reported that, in contrast to other B-cell lymphomas, almost all 
MCL have over-expression of the CCNDl gene with a good correlation between RNA 
and protein analysis. Recent studies showed that overexpression of the cyclin Dl protein 
can be easily detected by irnmunohistochemistry (IHC) on formalin- fixed, paraffin 
embedded tissues. PATIENTS AND METHODS: To investigate whether the CCNDl 
gene is involved in HCL, we performed IHC on a series of 22 cases using formalin-fixed 
paraffin embedded splenectomy specimens. For IHC the sections were boiled in citrate 
buffer. The presence of rearrangements within the BCL-l locus and the CCNDl gene 
was analyzed in 13 of 22 cases by Southern blot analysis using all available break-point 
probes. Expression of CCNDl was analyzed at the mRNA level (Northern blot) and 
protein level (IHC). RESULTS: Overexpression of the cyclin Dl protein using IHC was 
observed in all cases, with strong expression in 5 cases. Pre-existing B~ and T-cell areas 
of the spleen did not express significant levels of the cyclin Dl protein. Seven of 9 cases 
analyzed by both IHC and Northern blotting showed overexpression of the CCNDl gene 
with both methods. No genomic abnormalities were observed in any of the 13 cases 
studied by Southern blot analysis. Additionally, no I lql3 abnormalities were detected by 
banding analysis of 19 of 22 cases. CONCLUSIONS: The elevated levels of CCNDl 
mRNA and protein in conjunction with the absence of overt rearrangements within the 
BCL-l locus distinguish HCL from MCL and other B-cell malignancies. This suggests 
that activation of the CCNDl gene in HCL is due to mechanisms other than chromosomal 
rearrangement. 
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Expression of membrane-type matrix metalloproteinases 4, 5, and 6 in 
mouse corneas infected with P. aeruginosa, 

Dong Z , Katar M , Alousi S t Berk RS . 

Department of Immunology and Microbiology, Wayne State University School of 
Medicine, 540 E. Canfieid, Detroit, MI 48201, USA: 

PURPOSE: To investigate the expression and regulation of membrane-type matrix 
metalloproteinases (MT-MMPs) 4, 5, and 6 in the mouse corneas infected with 
Pseudomonas aeruginosa. METHODS: C57BL/6J mice were intracorneally infected with 
P. aeruginosa. The expression of MT4-, MT5-, and MT6-MMP was detected at both the 
mRNA and protein levels by RT-PCR and immunobiot analysis. Immunohistochemical 
staining was performed to.localize the expression of MT4- and MT5-MMP in the mouse 
corneas. RESULTS;; Expression of MT4- and MT5-MMP was detected in the normal 
(uninfected) cornea by RT-PCR and immunobiot analysis. When infected with P. 
aeruginosa, the corneas showed "significant induction of each MT-MMP. Localization of 
MT4- and MT5-MMP revealed that the expression of MT5-MMP was restricted to the 
epithelial tissue in the normal cornea, whereas the induced expression of MT4- and MT5- 
MMP was predominantly in the substantia propria, which contained most of the 
infiltrating cells. MT6-MMP expression was not detected in the uninfected cornea but 
was upregulated in thelnfected corneas. CONCLUSIONS: Expression of MT4-, MT5-, 
and MT6-MMP was induced in corneas infected with P. aeruginosa. 
Immunohistochemistry showed predominant immunoreactivity of MT4- and MT5-MMP 
in the substantia propria. Previous histologic studies have revealed different patterns of 
inflammatory cell infiltration with an increased number of polymorphonuclear 
neutrophils (PMNs) during the early stage of inflammation and increased macrophages 
during the late stage. These results indicate a good correlation between the 
overexpression of the MT-MMPs in the infected corneas and the inflammatory response- 
that is, leukocyte infiltration-indicating that inflammatory cells such as macrophages and 
PMNs may play a role in the upregulation of MT-MMPs during corneal infection, which 
in turn can cause the destruction of corneal tissue. 

PMID: 1 1726626 [PubMed - indexed for MEDLINE] . 
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Suppressors of cytokine signaling proteins are differentially expressed in 
Till and Th2 cells: implications for Th cell lineage commitment and 
maintenance. 



Laboratory of Immunology, National Eye Institute, National Institutes of Health, 
Bethesda, MD 20892, USA. emeka@helix.nih.gov 

Positive regulatory factors induced by IL-I2/STAT4 and IL-4/STAT6 signaling during T 
cell development contribute to polarized patterns of cytokine expression manifested by 
differentiated Th cells; These two critical and antagonistic signaling pathways are under 
negative feedback regulation by a multimember family of intracellular proteins called 
suppressor of cytokine signaling (SOCS). However, it is not known whether these 
negative regulatory factors also modulate Thl/Th2 lineage commitment and maintenance. 
We show here that CD4(*) naive T cells constirutively express low levels of SQCS1, 
SOCS2, and SOCS3 mRNAs. These mRNAs and their proteins increase significantly in 
nonpolarized Th cells after activation by TCR signaling. We further show that 
differentiation into Thl or Th2 phenotype is accompanied by preferential expression of 
distinct SOCS mRNA transcripts and proteins. SOCS1 expression is 5-fold higher in Thl 
than in Thl cells, whereas Th2 cells contain 23-fold higher levels of SOCS3. We also 
demonstrate that IL-12-induced STAT4 activation is inhibited inTh2 cells that express 
high levels of SOCS3 whereas IL-4/STAT6 signaling is constitutively activated in Th2 
cells, but not Till cells, with high SOCS1 expression. These results suggest that mutually 
exclusive use of STAT4 and STAT6 signaling pathways by differentiated Th cells may 
derive in part, from SOCS3- or SOCS I -mediated repression of IL-12/STAT4- or IL- 
4/STAT6 signaling in Th2 and Thl cells, respectively. Given the strong correlation 
between distinct patterns of SOCS expression and differentiation into the Thl or Th2 
phenotype, SOCS1 and SOCS 3 proteins are therefore Th lineage markers that can serve 
as therapeutic targets for immune modulation therapy! 
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Altered levels of scavengiug enzymes in embryos subjected to a diabetic 
environmeut. 

Forsberg H , Borg LA, Cagliero E . Eriksson UJ . 

Department of Medical Cell Biology, University of Uppsala, Sweden. 

Maternal diabetes dunng pregnancy is associated with an increased rate of congenital 
malformations m the offspring. The exact molecular etiology of the disturbed 
embryogenesis is unknown, but an involvement of radical oxygen species in the 
teratologieal process has been suggested. Oxidative damage presupposes an imbalance 
between he ac ivity of the free oxygen radicals and the antioxidant defence mechanisms 
on the cellular level. The aim of the present study was to investigate if maternal diabrfi 
in vivo, or h lg h glucose in vitro alters the expression of the free oxygen radical 
scavenging enzymes superoxide dismutase (CuZnSOD and MnSOD), catalase and 
glutathione peroxidase in rat embryos during late organogenesis. We studied offspring of 
normal and d.abetic rats on gestational days 1 1 and 1 2, and also evaluated day- 1 1 
embryos after a 48 hour culture period in 10 mM or 50 mM glucose concentration. Both 
maternal diabetes and high glucose culture caused growth retardation and increased rate 
of congenital malformations in the embryos. The CuZnSOD and MnSOD enzymes were 
expressed on gestational day 1 1 and both CuZnSOD, MnSOD and catalase were 
expressed on day 1 2 with increased concentrations of MnSOD transcripts when 
challenged by a diabetic milieu. There was a good correlation between mRNA, protein 
and I activi y levels, suggesting that the regulation of these enzymes occurs primarily at 'the 
pretranslational level. Maternal diabetes in vivo and high glucose concentration in vitro 
induced increased MnSOD expression, concomitant with increased total SOD activity 
and a tentative decrease in catalase expression and activity in the embryos These 
findings support the notion of enhanced oxidative stress in the embryo as an etiologic 
agent in diabetic teratogenesis. 

PMID: 8804988 [PubMed - indexed for MEDLINE] 
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luduction of the estrogen receptor by growth hormone and glucocorticoid 
substitution in primary cultures of rat hepatocytes. 

Freyschuss B , Sravreus-Evers A , SghjinL, Eriksson H . 

Department of Reproductive Endocrinology, Karolinska Hospital, Stockholm, Sweden. 

Hepatic estrogen receptors (ER) mediate estrogenic effects on mammalian liver 
metabolism and are thereby involved in the regulation of important 
physiological/pathological processes, such as coagulation, atherosclerosis and 
hypertension. The regulation of the formation of the ER in primary cultures of rat 
hepatocytes was studied by assaying ER and ER mRNA under different endocrine 
condttions. The ER concentration was measured using two different methods a ligand- 
binding technique and an ER enzyme immunoassay. The results obtained by the two 
methods showed good correlation, and linear regression analysis gave a correlation 
coefficient of 0.95. ER concentrations fell to low steady state levels within 16 h after 
establishing the eel} culture and remained low in the absence of hormonal substitution 
Upon medium supplementation with pituitary GH and the glucocorticoid dexamethasone 
(DEX) in combination, the ER concentration increased 6-fold from 4.2 +/- 1 .0 to 25 8 +/- 
7.0 finpl/mg cytosolic protein. ER mRNA was measured by solution hybridization. 
Substitution with GH and DEX in combination increased ER mRNA to 210 +/- 14% of 
control levels. No effect on ER mRNA stability was seen after hormone treatment It is 
concluded that the regulatory effects of GH and DEX on the hepatic ER in this in vitro 
system are very similar to the effects of these hormones under in vivo conditions The 
inducible expression of the ER has never before, to our knowledge, been demonstrated in 
any mammalian liver cell culture system. 

PMID: 8404593 [PubMed - indexed for MEDLINE] 
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Ocytocin receptors in bovine cervix: distribution and gene expression 
during the cstrous cycle. 

FuchsAR, IyeljR, Ficlds^A, Chang SM , FiglH^Mj 

Come " Umversity MedicaI Co,Ie ^ New 

Oxytocin (OT) receptor (OTR) concentrations were determined in the cervix of 
nonpregnant cows on cycle Days 0, 3, 7-8, 17, and 19 (n = 3-4 cows each day); [3H10T 
was used as the labeled hgand. Mucosal and muscle layers of the cervix were also 
analyzed separately for both ligand binding and expression of the OTR gene using a 
newly developed RNase protection assay (RAP). Cellular localization of OTR protein 
was determmed by irninunohistochemistry. All regions of cervix from cows atestnrs had 
high concentrates of OTR; in the luteal phase, all were sharply down-regulated At 

oS S pm7 C ° b f ab ° Ut 3 °- f ° ld highef ^ncentrations than the muscle layer. 

OTR mRNA was readily detected by RAP in the mucosa from estrous cows, while much 
weaker srgtxals were found m the muscle. On Days 7-17, the OTR mRNA signals in both 
mucosa and muscle were very faint or nondetectable. Thus, there was a good correlation 
between hgand bmdrng and mRNA expression, which suggests that OTR concentrations 

onhT™ 8 " t u trans , cri P tionaI leve '- The epithelial cells at the luminal surface 
of the mucosa were the pnncrpal srte of immunoreactive OTR; muscle cells showed 
sigmficantly weaker signals. Previously, OT was found to stimulate prostaglandin (PC) 
E2 output in vrtro m bovme cervical tissues. Since PGE2 is capable of softening the 
cervrx, ourfindmgs suggest that OT may have a novel physiological function to cause 
softening of the bovine cervix mediated by the release of PGE2. 

PMiD: 8835394 [PubMed - indexed for MEDLINE] 
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Silencing of the thrombomodulin gene ia human malignant melanoma. 

Carcinogenesis Division, National Cancer Center Research Institute, Tokyo, Japan. 

Theloss of thrombomodulin (TM) expression is associated with tumour growth 

Z Md ^'^P h " ode met3Stasis in huma " ^rs. In melanoma c^unl TM is 
eported to mediate cell adhesion, and its introduction into TM-negative melanoma ^1 
hues suppresses their growth. In this study, we analysed TM expression 
melanoma specnnens and the role of its promoter methylation i^ the loss of S 

metastauc sites), melanoma cells lacked TM immunoreactivity. Methylation of me TM 
promoter region was detected m 10(67%)ofthe 15 TM-negaL specimens by 

wwZto%r Ay T" chain reaction ' whereas m ^ y,ati ° n w * 

Somoter Sr II , ? SP ^ menS - In Ce " HneS ' methylation of the TM 

promoter CpG island was detected ,n six (46%) of 13 melanoma cell lines whereas no 
meunylanon was detected in two cultured normal melanocytes. There was a good 
con-elauon between the methylated status of the CpG island and the loss of TM 
messenger RNA (mRNA) expression. Treataient of melanoma celUines ™ 
CdG SiiTHrt? 111 ' 5 ; aza " 2 '- dcox y c y ti < iin e, induced demethylation of the promoter 
CpG island and the restoration of mRNA and protein expression. These findLTsuLst 

CDcTSn!l Uman m ^ omas ' ack ™ expression, and that methylation of the promf£ 
CpG island is one of the mechanisms responsible. promoter 

PMID: 1 57 1 4 1 1 6 [PubMed - indexed for MEDLINE] 
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Cyclooxygenase-2 expression iu macrophages: modulation by protein 
kinase C-alpha. 

Gi roii x M, Descotcaux A . 

Institut National de la Recherche Scientifique-Institut Armand-Frappier Universite du 
Quebec, Laval, Canada. ' 

Cyclooxygenase-2 (CQX-2) is an inducible enzyme responsible for high levels of PG 
production dunng inflammation and immune responses. Previous studies with 
pharmacological inhibitors suggested a role for protein kinase C (PKC) in PG production 
possibly by regulatingCOX-2 expression: In this study, we addressed the role of PKC- 
alpha in the modulation of COX-2 expression and PGE2 synthesis by the overexpressing 
of a dominant-negative (DN) mutant of this isoenzyme in the mouse macrophage cell line 
RAW 264.7. We investigated the effect of various stimuli on COX-2 expression, namely 
LPS, IFN-gamma, and the intracellular parasite Leishmania donovani. Whereas LPS- 
induced GOX-2 raRNA and protein expression were down-regulated in DN PKC-alpha- 
overexpressing clones, IFN-gamma-induced COX-2 expression was up-regulated in DN 
PKC-alpha-overexpressing clones with respect to normal RAW 264.7 cells. 
Measurements of PGE2 levels revealed a strong correlation between PGE2 secretion and 
IFN-gamma-induced COX-2 mRNA and protein levels in DN PKC-alpha-overexpressing 
clones. Taken together, these results suggest a role for PKC-aipha in the modulation of 
LPS- and IFN-gamma-induced COX-2 expression, as well as in IFN-gamma-induced 
PGE2 secretion. 

PMID: 1 1034408 [PubMed - indexed for MEDLINE] 
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Modulation of gap junction mediated intercellular communication in TM3 
Leydig cells. 

Golden berg RC, Fortes FS . Cristancbo JM Morales MM Franci CR , Varaada WA . 
Campos de Carvaltio AC . 

Institute of Biophysics Carlos Chagas Filho, UFRJ, Brazil. 

Long-term modulation of intercellular communication via gap junctions was investigated 
in TM3 Leydig cells, under low and high confluence states, and upon treatment of the 
cells for different times with activators of protein kinase A (PKA) and protein kinase C 
(PKC). Cells in low confluence were readily coupled, as determined by transfer of the 
dye Lucifer Yellow; on reaching confluence, the cells uncoupled. Western blots and RT- 
PCR revealed that connexin 43 (Cx43) was abundantly expressed in TM3 Leydig cells 
and its expression was decreased after the cells achieved confluence. Stimulation of PKA 
or PKC induced a decrease in cell-cell communication. Staurosporin, an inhibitor of 
protein kinases, increased coupling and was able to prevent and reverse the uncoupling 
actions of dibutyryl cAMP and 1 2-O-tetradecanoyl-phorbol- 1 3 -acetate (TP A). Under 
modulation by confluence, Cx43 was localized to the appositional membranes when cells 
were coupled and was mainly in the cytoplasm when they were uncoupled. In addition, 
cAMP and TP A reduced the surface membrane labeling for Cx43, whereas staurosporin 
increased it. These data show a strong correlation between functional coupling and the 
membrane distribution of Cx43, implying that this connexin has an important role in 
intercellular communication between TM3 cells. Furthermore, increased testosterone 
secretion in response to luteinizing hormone was accompanied by a decrease in 
intercellular communication, suggesting that gap junction mediated coupling may be a 
modulator of hormone secretion in TM3 cells. 
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Restored expression aud activity of organic ion transporters rOATl, 
rOAT3 and rOCT2 after hyperuricemia in the rat kidney. 

HabuY, Yano I , Okuda M, Fukatsu A. Intii K . 

Department of Pharmacy, Kyoto University Hospital, Faculty of Medicine Kyoto 
University, Sakyo-ku, Kyoto 606-8507, Japan. 

We previously reported that in hyperuricemy rats, renal impairment occurred and organic 
ion transport activity decreased, accompanied with a specific decrease in the expression 
of ratorgamc anion transporters, rOATl and rOAT3, and organic cation transporter 
rOCT2. In the present study, we investigated the reversibility of the organic ion transport 
activity and expression of organic ion transporters (slc22a) during recovery from 
hyperuricemia. Hyperuricemia was induced by the administration of a chow containing 
unc acid and oxonic acid, an inhibitor of uric acid metabolism Four days after 
discontinuance of the chow, the plasma uric acid concentration returned to the normal 
level, and renal functions such as creatinine clearance and BUN levels were restored 
although the recovery of tubulointerstitial injury was varied in sites of the kidney ' 
Basolateral uptake of p-aminohippurate (PAH) and tetraethylammonium (TEA) and both 
protem and mRNA levels of rOATl , rOAT3 and rOCT2 in the kidney gradually 
improved during 14 days of recovery from hyperuricemia. Basolateral PAH transport 
/ ,own COtrelation with the P rot ein level of rOATl (r(2)=0.80) than rOAT3 

2'2^ h rii a 1 ateral TEA franSP ° rt Sh ° Wed 3 ^° ng ^^tion with rOCT2 
protem (r(2)-0.91X The plasma testosterone concentration, which is a dominant factor in 
die regulation of rOCT2, was gradually restored during the recovery from hyperuricemia 
but the correlat.on between the plasma testosterone level and rOCT2 protein expression ' 
in the kidney was i lot significant. These results suggest that the regulation of organic ion 
transporters, rOATl, rOAT3 and rOCT2, by hyperuricemia is revLible, and the organic 
ion transport activity restores according to the expression levels of these transporters. 

PMID: 15748710 [PubMed - indexed for MEDLINE] 
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Regulation of cytochrome P4501A1 in teleosts: sustained induction of 

CYP1A1 mRNA, protein, and catalytic activity by 2,3,7,8- 

teti achlorodibenzofuran in the marine fish Stenotomus chrysops. 

Hahrt ME , Stegeman JJ . 

Biology Department, Woods Hole Oceanographic Institution, Massachusetts 02543. 

Cytochrome P4501 Ai (CYP1 Al) is known to play important roles in the activation and 
detoxification of carcinogens and other toxicants in vertebrate animals, including fish. 
Although extensively studied in mammalian systems, the regulation of CYP1 A forms in 
other vertebrates is less well understood. We examined the time course and dose- 
response relationships for induction of CYP I Al mRNA, protein, and catalytic activity by 
2,3 J,8-tetrachlorodibenzofuran (TCDF) in the marine fish Stenotomus chrysops (scup). 
The time course of CYP1 Al induction was determined following a single ip dose (10 
nmol/kg) of 2,3,7,8-TCDF. Hepatic ethoxyresorufin O-deethylase activity was increased 
after I day, reached a maximum by 8 days, and was still elevated 14 days after treatment. 
The content of immunod electable CYP1A1 protein in liver was elevated on Day 1 and 
continued to increase through 14 days. CYP1 Ai protein content was also strongly 
induced in heart and gill beginning at 2 days after treatment and extending through Day 
14. Hepatic CYP1 A I mRNA was strongly induced by I day after dosing and remained 
elevated through 14 days. The sustained induction of CYP1 Al mRNA by 2,3,7,8-TCDF 
contrasts with the transient induction seen previously in fish treated with nonhalogenated 
inducers and most likely reflects differences in persistence of the inducers. Dose-resporise 
studies indicated that induction of CYP 1 A I mRNA, protein, and catalytic activity 
occurred following doses of 2,3,7,8-TCDF as low as 0.4 nmol/kg (t20 ng/kg), within the 
range of whole-body contents of this congener measured in fish from contaminated 
environments. The estimated dose producing half-maximal CYP 1 Al induction in scup 
was approximately 2-10 nmol/kg, suggesting that the sensitivity of these fish to induction 
may be as great as or greater than that of rats. In contrast to previous results obtained with 
3,3 < ,4,4'-tetrachlorobiphenyI (TCB) and beta-naphthoflavone, which appear to inhibit or 
inactivate CYP1 Al in fish and other vertebrates, there was a good correlation among 
levels of CYP1 Al mRNA, protein, and catalytic activity in individual fish following 
various doses of 2,3,7,8-TCDF. The difference in response to 2,3,7,8-TCDF versus 
3,3*,4,4 , -TCB may reflect differences in the inducing potencies of the two compounds 
relative to their similar potencies as inhibitors of CYP1 Al catalytic activity. In additional 
studies to evaluate structure-activity relationships for CYP1 Al induction by chlorinated 
dibenzofurans in fish, scup were treated with 2,3,6,8-tetrachlbrodiben2ofuran (2,3,6,8- 
TCDF). At 10 or 50 nmol/kg, 2,3,6,8-TCDF was inactive as an inducer of CYP1 Al' 
mRNA, protein, or catalytic activity.(ABSTRACT TRUNCATED AT 400 WORDS) 

PMID: 8048062 [PubMed - indexed for MEDLINE] 
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The role of the epidermal growth factor receptor in sustaining neutrophil 
inflammation in severe asthma. 

Hamilton LM, Torres-Lozano C. Puddicombc SM, Richter A, Kimber I . Dearman 
RJ, Vrugt B , Aalbers R , Holgate ST . Djukanovic R , Wilson SJ, Davies DE . 

Division of Infection, Inflammation & Repair, School of Medicine, University of 
Southampton, UK. 

BACKGROUND: The extent of epithelial injury in asthma is reflected by expression of 
the epidermal growth factor receptor (EGFR), which is increased in proportion to disease 
severity and is corticosteroid refractory. Although the EGFR is involved Ln epithelial 
growth and differentiation, it is unknown whether it also contributes to the inflammatory 
response in asthma. OBJECTIVES: Because severe asthma is characterized by 
neutrophilic inflammation, we investigated the relationship between EGFR activation and 
production of IL-8 and macrophage inhibitory protein^ 1 alpha (M IP- 1 alpha) using in 
vitro culture models and examined the association between epithelial expression of IL-8 
and EGFR in bronchial biopsies from asthmatic subjects. METHODS: H29 2 or primary 
bronchial epithelial cells were exposed to EGF or H202 to achieve ligand -dependent and 
ligand-independent EGFR activation; IL-8 mRNA was measured by real-time PCR and 
IL-8 and MIP-1 alpha protein measured by enzyme-linked immunosorbent assay 
(ELISA). Epithelial IL-8 and EGFR expression in bronchial biopsies from asthmatic 
subjects was examined by immunohistochemistry and quantified by image analysis. 
RESULTS: Using H292 cells, EGF and H202 increased IL-8 gene expression and 
release and this was completely suppressed by the EGFR-selective tyrosine kinase 
inhibitor, AG1478, but only partially by dexamethasone. MIP-1 alpha release was not 
stimulated by EGF, whereas H202 caused a 1 .8-fold increase and this was insensitive to 
AG1478. EGF also significantly stimulated IL-8 release from asthmatic or normal 
primary epithelial cell cultures established from bronchial brushings. In bronchial 
biopsies, epithelial IL-8, MIP-1 alpha, EGFR and submucosal neutrophils were all 
significantly increased in severe compared to mild disease and there was a strong 
correlation between EGFR and IL-8 expression (r = 0.70, P < 0.001). CONCLUSIONS: 
These results suggest that in severe asthma, epithelial damage has the potential to 
contribute to neutrophilic inflammation through enhanced production of IL-8 via EGFR- 
dependent mechanisms. 
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Localization of tissue inhibitor of nietalloproteinases 1 (TDVIP-l) in human 
colorectal adenoma and adenocarcinoma. 

Holten-Andersen MN; HanscnU, BnrnnerN, Njc]*mHi IHcmann M Nielsen BS 
Tlie Finsen Laboratory, Rigshopitalet, Denmark. 

Tissue inhibitor of matrix metalloproteases 1 (TIMP-1) inhibits the proteolytic activirvnf 
matnx metalloproteases and hereby prevents cancer invasion. HoJZ T MP-Uko 

Zr^;,- fti r i0nS , SUCh 35 inhibiti ° n 0f W^ -Action of ma^an ° 

?S?rSSK£S°fr ° f ^ " 8r0W ! h - ^ ^ PrCViOUS,y d — S that 
i uwi l is elevated m blood from colorectal cancer patients and that high TIMP-1 levek 

pred,ct poor prognose To clarify the role of TIMP-1 in colorectal tumorigeniis ie 

alTofTl^r 1™-**^^"^™^^%^ In 
allot 24 cases of colorectal adenocarcinoma TIMP-1 mRNA was detected bv in JhT 

hybndrzano. In all cases TIMP-I expression was found in nbmbS^Motted at 

w^^v of ttr see T ,y sporadica,iy in notmai — n ° »s A at 

was seen m any of the cases in benign or malignant epithelial cells, in vascular cells or 
smooth muscle cells. Comparison of sections processed forTIMP- in situ hybrid 4«on 
^ Sect 7 S t '™ohistochemica.Iy stained with antibodies agains 5^3°" 
TXT** T ™ P - 1 mRNA »* «™oreactiv4 Combining TIMP^ in 

ssssssj? mZr histoc t mic ,!: staining for a,ph ~ l ; 

mRNA walttec^Sin r^z ? my ° fibrob,asts but not in macrophages. TIMP-1 
Z ZrL^A >w ■ f 7 adenomatous Polyps in tlie adenoma area: in both cases 
cTc ton TMp C i I ' mflammati0n tbe epithehal-stromal interface. I 

exn^ J «K u P ,^ S,0n 1S 3 rarC CVCnt in beni g" human ^lon tissue but is highly 
expressed by myofibroblasts in association with invading colon cancer cells * 
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ac<irator induced by deng " e viras tate,i ° n ° f 

BsiB&m Lei HY, Liu HS UaYS, ChoaSH, L^CC, akTM. 

Dengue hemoniiagic fever and dengue shock syndrome (DHF/DSS) are severe 
complications of dengue virus (DV) infection. HoweveMhe pathogen^ is of hemonW 

pwotal role .n the regulation of hemostasia, we studied the effect of DV ta£S£ on the 

Furthennore, a good correlation hetween sera levels Of IL-6 and tPA was foun^in DHF 
but not DF patients. These results suggest that IL-6 can regulate DvZ2c£ tPA 
production of endothelial cells, which may play important roles in me^otelic 
development of DHF/DSS. Copyright 2003 Wiley-Liss, luc. 
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Neu oncogene expression in ovarian tumors: a quantitative study. 
BtottnerPC, CaraeyW, Njybe^ 

Department of Pathology, Tufts University School of Medicine, Massachusetts. 

We studied neu mRNA expression by slot blot analysis and protein product expression bv 

2T« 1 ^ lnUtim0 f tOChemiStiy in 57 «S metastatic ovaZ * 

neoplasms, two paraovarian leiomyosarcomas, and eight normal ovaries. Some 61% of 
ovananuamors but none of the paraovarian neoplasms or normal ovaries ove^pressea 
neu mRNA. A total of 96% of the ovarian tumors that overexposed nZ weSof 
epithehal type Epithehal ovarian tumors had significantly higher amounts of the neu 
oncogene product as determuied by capture ELISA than either germ cell and stromal 
.tomors or^ormal ovanes (p less than 0.025). Different subtypes of ovarian carcinomas . 
^^fi^fly dififenat amounts of neu oncogene product as measured by capZ 
ELISA; endometnoid hunors had the highest, and poorly differentiated carcinomas not 
otherwise specified had the lowest (p less than 0.025). ELISA values mRNA 
oppression, and immunohistochemical staining intensity did not correlate with stage : 
at ^gnosis or architectural or nuclear grade in ovarian tumors. We conclude ma rcapn5e 
ELISA is a simple, effecUve way to measure the neu oncogene protein product and feT 
there is* good correlation between ELISA levels and immunohistochemical staining 
.ntens.ty. However, ELISA values did not correlate with stage or histologic prognostic 
factors in ovanan neoplasms. rye""**"' 
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Elevation of topoisomerase I messenger RN A, protein, and catalytic 
act,y,ty m human tumors: demonstration of tumor-type specificity and 
implications for cancer chemotherapy, '"ciiyand 

HusajnJ, Mohler JL, SeiglerHF, Besterman M - - 

: SoSS° 106y " G,aX ° ^ ^tute, Research Triangle Park, 

alkaloid with anticancer activity. Various lines of evidence suggest that the sensitiX of 
cells to ft* drug » directly related to the topoisomerase I content. Int^Z TlZ^ 
of topoisomerase I have been shown to be elevated in colorectal tumors compared to 
normal colon mucosa. The aim of our study was to determine wheuT «Z£££»e 

InltZ 1 °T • S ° M ^ ^ deVated enz >™ * catalSy^e 
m these tumors, and (c) the increase in topoisomerase I levels in colorectal tomora ifa 
result of increased transcription or creation, Topoisomerase I levels were quTS in 
crude extracts from colorectal, prostate, and kidney tumors and their matS normS 

SSE? . ^ , tem b,0ttin8 ^ by direCt dete ^on of c.talS Sry^nd 
mRNA levels were determined by Northern blotting. By Western blotting StoraS 
tumors showed5-35-fold increases in topoisomerase I levels, compared to the.r normal 
colon mucosa. In the case of prostate tumors, the increase was 2-10-fold CO^aSTwfth 
benign hyperplastic prostate tissue from the same patients. However, no differen^waf 
observed m topo.somerase I levels in kidney tumors, compared to their noS 
countorparts. The catalytic activity of topoisomerase I wasdeterrnined by a'uantitative 
32P-fransfer assay m crude homogenates, without isolating nuclei. Colorectal and 
prostate tamers exh.brted 1 1-40- and 4-26-fold increases, respectively in cataMic 
activty. However, kidney tumor, did not show any alteration^ catalytic aSy" 
compared to fteir normal matched samples. Thus, for all three tumor rypes there was a 
good correlation between enzyme levels and catalytic activity. Fmally ^lorectal tamers 
were analyzed for steady state mRNA levels. A 2-33-fold increase in^A Wels waT 
found m colorectal tumor,, compared to normal colon mucosa. These rei sZ&Zt 
alterations in topoisomerase I expression in humans are tumor type specific and" IS fte 
increase m topo.somerase I levels results from either increasedTanscription o Z 
topoisomerase I gene or increased mRNA stability. P»onorrne 

PMuD: 8275492 [PubMed - indexed for MEDLINE] 
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Developmental regulation of acidic fibroblast growth factor (aFGF) 
expression in bovine retina. ' 

Unite de Recherches Gerontologiques, U. 1 1 8 INSERM, Paris, France. 

vanety of biological processes such as cell growth, differentiation and survival ft has 
been pun fied from bovine retina: The present study was carried out to detecIwWchills 
m the bovine return expressed aFGF at the different stages of embryonic and 
development. The specific aFGF mRNA and protein were detected by in s?n7 ^ 
hybndizaUon employing riboprobes and immunocytochemistry using affinity purified 
polyclonal human recombinant aFGF antibodies respectively^ signal was detecSbv 

nuSJ^S, m0iph0g f? 6818 °J the retina " B y 8-9 months of embryonic development 
nude, of the 3 neuronal layers (ganglion cell layer, inner and outer nuclear layers) w«e 
ail unrformly and intensely labeled. A slight labeling of the pigmented epithehum of Z 
retina was also visible throughout development and maturatiorThese results Zwd a 

SiZSFT ru T Sage 311(1 Pr ° fein eX P ression in these types. In c^urast 
glial cells m the nerve fiber layer and vascular endothelial cells displayed a nuclear 

immunos a,mng for the protein in the absence of message. These data suggest that aFGF 
mecna^sms" **" differentiation * autoc rine and paracrine 

PMID: 7507349 [PubMed - indexed for MEDLINE] 
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The p21 (Cipl) protein, a cyclin inhibitor, regulates the levels and the 
intoacellular localisation of CDC25A iu mice regenerating livers. 

JaimeM, Pujol MJ , SerratosaJ, Pantota C. Canela N. Casanovas Q, Serrano M 
Agell N. Backs O . ' 

Department of Cell Biology and Pathology, Faculty of Medicine, Institut d'Investigacions 
Biomediques August Pi Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain. 

Liver cells from P 2l(Cipl-/-) mice subjected to partial hepatectomy (PH) progress into 
DNA synthesis faster than those from wild-type mice. These ceils also show a premature 
induction of cyclin E/cyclin-dependent kinase (CDK) 2 activity. We studied the 
mechanisms whereby cells lacking p21 (Cipl) showed a premature induction of this 
activity. Whereas the levels of CDK2, cyclin E, and P 27(Kipl) were similar in both wild- 
type and p21(Cipl-/-) mice, those of the activator CDC25A were much higher in 
p21(Cipl-/-) quiescent and regenerating livers than in wild-type animals. Moreover, 
p21(Cip 1 V-) cells also showed a premature translocation of CDC25A from cytoplasm 
into the nucleus. The ectopic expression of p21(Cipl) into mice embryo fibroblasts from 
p21(Cipl-/-) mice decreased the levels of CDC25A and delayed its nuclear translocation 
The levels of CDC25A messenger RNA in P 21(Cipl-/-) cells were higher than in wild- 
type cells, suggesting that this increase might be responsible, at least in part, for the high 
levels of CDC25A protein in Uvese cells. Thus, the results reported here indicate that 
p21(Cipl) regulates the levels and the intracellular localization of CDC25A! We also 
found a good correlation between CDC25A nuclear translocation and cyclin E/CDK2 
activation. In conclusion, premature translocation of CDC25A to the nucleus might be 
involved in the advanced induction of cyclin E/CDK2 activity and DNA replication in 
cells from animals lacking p2 1 (Cipl). 

PMID: 1 198 1756 [PubMed - indexed for MEDLINE] 
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Alteration of frizzled expression in reual cell carcinoma. 
Jansscns N, Andries L. Janicot M, Perera T. Bakker A . 

Department of Biochemistry, University of Antwerp, Wilrijk Belgium 
njansse9@prdbe.jnj.com 

To evaluate the involvement of fiizzled receptors (Fzds) in oncogenesis, we investigated 
mRNA expression levels of several human Fzds in more than 30 different human tumor 
samples and their corresponding (matched) normal tissue samples, using real-time 
quant.tat.ve PGR. We observed that the mRNA level of Fzd5 was markedly increased in 
8 of 1 1 renal carcinoma samples whilst Fzd8 mRNA was increased in 7 of 1 1 renal 
carcinoma samples. Western blot analysis of crude membrane fractions revealed that 
Fzd5 protein expression m the matched tumor/normal kidney samples correlated with the 
observed mRNA level. Wntfteta-catenin signaling pathway activation was confirmed by 
the increased expression of a setof target genes. Using a kidney tumor tissue array Fzd5 
protein expression was investigated in a broader panel of kidney tumor samples Fzd5 
membrane staining was detected in 30% of clear cell carcinomas, and there was a strong 
coirelanon with nuclear cyclin Dl staining in the samples. Our data suggested that altered 
expression of certain members oftheFzd family, and their downstream targets could 
provide alternative mechanisms leading to activation of the Wnt signaling pathway in 
renal carcinogenesis. Fzd family members may have a role as a biomarker. 
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Abstract 

To evaluate the involvement of frizzled receptors (Fzds) 
in oncogenesis, we investigated mRNA expression lev- 
els of several human Fzds in more than 30 differ- 
ent human tumor samples and their corresponding 
(matched) normal tissue samples, using real-time quan- 
titative PCR. We observed that the mRNA level of Fzd5 
was markedly increased in 8 of 1 1 renal carcinoma sam- 
ples whilst Fzd8 mRNA was increased in 7 of 11 renal 
carcinoma samples. Western blot analysis of crude 
membrane fractions revealed that F2d5 protein expres- 
sion in the matched tumor/normal kidney samples corre- 
lated with the observed mRNA level. Wnt/p-catenin sig- 
naling pathway activation was confirmed by the in: 
creased expression of a set of target genes. Using a kid- 
ney tumor tissue array, Fzd5 protein expression was 
investigated in a broader panel of kidney tumor samples. 
Fzd5 membrane staining was detected in 30% of clear 
cell carcinomas, and there was a strong correlation with 
nuclear cyclin Dl staining in the samples. Our data sug- 
gested that altered expression of certain members of the 



Fzd family, and their downstream targets, could provide 
alternative mechanisms leading to activation of the Wnt 
signaling pathway in renal carcinogenesis. Fzd family 
members may have a role as a biomarker. 

______ Copyright © 2004 S, Kir per AG. Basel 



Introduction 

The Wnt signaling pathway is evolutionary conserved 
and controls many events during embryonic develop- 
ment. Members of the Wnt gene family of secreted glyco- 
proteins are involved in embryonic induction, generation 
of cell polarity, cell proliferation and the determination of 
cell fate [I, 2 J. Recently, it has become evident that the 
Wnt pathway is also deregulated in a range of tumors [3J. 

The Wnt signaling pathway is activated when Wnt pro- 
teins bind to a ceJl surface receptor complex consisting of 
a member of the frizzled receptor (Fzd) family and either 
low-density-lipoprotein receptor- related protein (LRP)5 
or LRP6 [4, 5], A detailed characterization of the Fzds. 
and the immediate downstream events after Wnt binding 
has been hampered by the lack of pure biologically active 
Writs. 

Downstream of the receptor complex, three pathways 
may be initiated, depending on the composition of the 
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ligand and receptor complex'. The 'Wnt/p-catenin path- 
way', the 'Wnt/Ca 2+ pathway' or the "Win polarity path- 
way' [6}. The Writ/p-catenin pathway has been linked to 
carcinogenesis. Genetic alterations in components of this 
pathway (adenomatous polyposis coli, A PC, ax in and 
catenin)can result in the accumulation of non-phosphory- 
Jated 0-catenin (3, 7] and this can promote carcinogenesis. 
Conversely, neither the Wnt/Ca 3 * pathway nor the Wnt 
polarity pathway involves the activation of (3-catenin [for 
review, see ref. 1,6). 

Mutations in one of the three regulatory genes (APC, 
p-catenin and axih), overexpression of Wnts and Fzds or 
the expression of a const itu lively active Fzd have been 
. linked to Wnt/P-catenin pathway activation in various 
tumors [8, 9]. 

To evaluate the involvement of Fzds in oncogenesis, 
we investigated mRNA expression levels of several hu- 
man Fzds (Fzd2, 3, 5, 6, 7, 8 and 9) in more than 30 differ- 
ent human tumor samples using real-time quantitative 
PCR. Each sample was compared with its corresponding 
(matched) normal tissue sample. The most striking obser- 
vation was the dramatically increased Fzd5 and Fzd8 
mRNA expression seen in the renal carcinoma samples. 
This was confirmed at the protein level using Western 
blotting. Kidney tumor tissue arrays confirmed Fzd5 . 
membrane staining in 30% of clear cell carcinomas, with 
nuclear cyclin DI showing a strong correlation with the 
Fzd5 membrane labeling. Fzd8 protein expression analy- 
sis was not performed due to the lack of suitable reagents. 
These data suggest that Fzd5 may have a role in renal cell 
carcinogenesis due to its frequent overexpression obr 
served in these tumor samples. Potential future applica- 
tions could include uses in tumor targeting or as a poten- 
tial biomarker. 



30 clear cell renal carcinoma samples and another 20 renal celt tumor 
types (chromophil* chromophobe, papillary type, collecting duct car- 
cinoma and samples with mixed types). 

RNA Isolation and Reverse Transcription 
Total RNA was extracted from tissue specimens using Ultraspec 
Reagent (Bioiecx. USA) according to the manufacturer's instruc- 
tions. All total RNA was routinely treated with DNasc (DNA-frce kit, 
Ambion, USA). I ug of total RNA was used to synthesize cDNA 
using oligb-dT primers (Superscript; Jnviirogen, Merelbeke* Bel- 
gium). Reverse transcription was performed at 42 *C for 60 min, fol- 
lowed by 70" C for 1 0 min. 

Real-Time PCR. 

Real-time PCR was performed on either an AB I Prism 7700 or 
7900 Sequence detection system (Perkin-Bmer Applied Biosystems, 
Foster City, Calif., USA) using the 5' nuclease assay (Taqman™). 
Primer and probe sequences were designed using Primer Express (PE 
Applied Biosystcms) and arc shown in table I. Quantitative values 
were obtained from the threshold cytle number (Ct) at which the 
increase in the signal associated with exponential growth of PCR 
products is delected using PE Biosystems analysis software, accord- 
ing to the manufacturer's instructions. * 

We have used the 2- * ao method to analyze the relative changes 
in gene expression of the different genes between tumor and corre- 
sponding normal tissue samples. We used the mitochondrial ATP 
synthase 6 (ATPsy6) as the endogenous RNA control [1 0; Janssens ct 
a)., in prep.}, and each sample was normalized to its ATPsy6 content. 
The relative expression of the target gene was aJso normalized to the 
corresponding normal tissue sample (calibrator). Results, expressed 
as the amount of target sample relative to the ATPsy6 gene and the 
calibrator, were determined as* follows, N = 2-' 0Cwj,n P k - aocaiibraioo 
where the AO values of the sample and calibrator were determined 
by subtracting the average Ct value of the sample and the calibrator 
from the average Ct value of the ATPsy6 gene. Amplification was 
done essentially as described previously f 10]. Briefly, 50 pi of reac- 
tion mixture containing 1 u.1 of cDNA template were amplified as 
follows: incubation at 50 *C for 2 rain, denaturation at 95 "C for 
1 0 min, and 50 cycles at 95 ° C for 1 5 s and 60*C for I roin. 



Materials and Methods 

Tissue Samples 

Frozen tumor tissue samples with corresponding normal tissue 
from the same patient were derived either from human biopsy or 
autopsy material (Department of Pathology, University of Antwerp, 
kindly provided by Prof. E. Van Marck). Tissue specimens were 
snap-frozen in liquid nitrogen and kept at -80°C until use. Frozen 
sections of kidney tumor and normal tissue samples were stained 
with hcmatoxylin-eosin to support the pathologist's observations and 
toconfirm the type of kidney tumor. Paraffin-embedded tissue slides 
of renal carcinoma, lung carcinoma, breast and colon carcinoma 
were obtained, after encryption, from the Department of Pathology 
(Middelheim Hospital. Antwerp. Belgium). The CL1 human kidney 
cancer (Super BioChips Laboratories) tissue array used in this study 
contained 59 tissue samples consisting of 9 normal kidney tissues. 



Membrane Preparation. Gel Electrophoresis and Jmmunoblotting 
Tissue samples were weighed, suspended at a 40 times dilution 
1= 40 volumes/original wet weight of tissue (v/w)J in 50 mM Tns- 
HCI buffer, pH 7.4, and homogenized with an Ullra-Turrax homoge- 
nizes After ccntrifugaiion for 10 min, 24,000$ at 4*C, the pellet was 
washed three times by resuspension in the Tris-HCl buiTer followed 
by centrifugaiion. The final membrane pellets were stored at -80**C 
in the Tris-HCl buffer at a concentration of 0.5-1 rng/mL The Brad- 
ford protein assay (Pierce, Aalst, Belgium) was used for protein deter- 
mination. Proteins (50 u$) were separated. by 89b SDS-PAGE and 
transferred to nitrocellulose membranes. After primary and second- 
ary antibody incubation, the antigen-ahtibody-peroxidasc complex 
was detected by chemiluminescence (Pierce, Aalst, Belgium) accord- 
ing to the manufacturer's instructions. 

Immunohistochemistry 

1 mm unohistochemistry was performed on lO-pAAthick cryosec- 
tions of unfixed tumor tissue and on 6-u^-thick paraffin sections 
from renal tumor tissue fixed by formalin or by an alcohol-based fixa- 
tive. Adjacent tissue blocks from renal tumors were processed with 
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Table 1. Real-lime PCR primer and probe sequences 



Target cDNA Primer/probe sequences* 


Fragment 
posit ion* 


Accession 
No/ 


FZD2 


(a) 5*-alcccgigcccggc-3 ; 

(b) 5'-gtaltlgatc3tglagaccgtgaagtc-3' 

(c) 5'-FAM- tacacgccgcgcatglcgc-TA M RA-3' 


1,548-1,613 


AB017364 

♦ 


FZD3 


(a) $'-lcacgccaglecatggg-3' 

(b) 5'-ttgicaccitcaattttattcatcg-3' 

(c) 3 "-FA M -ca t ccccgga act el a acca tea t cct 1 1 l-TAMRA-3* 


1,473-1547 


. AB039723 

♦ 


F2D5 


(a) 5'-l£ccaagg!C3Cttccgm-3' 

(b) 5'-tctccaaelegecgcg-3' 

fc) 5'-FAM-ccttcatppiprlpitPCCcrr-XAMP A.V 


2,143-2,204 


HSU43318 


FZD6 


(a) 5'-ctagcacccccaggll aagagaa-3' 

(b) 5'-cccagagagtclggagatggat-3' 

icj 3 -rAM-igiggigaacclgcctcgccag-J AMKA-3 


2,094-2,170 


AF072873 


JFZD7 


(a) 5'-cctgfggaaaggcataacigtg-3' 

(b) 5'-aaccaacgggaaacctcaga«3' 

(c) 5'-FAM-aagcaact»tataggcaaagcagcgcaa-TAMRA-3' 


2,687-2,762 


AB017365 


FZD8 


(a) 5'-igtggicggigcicigctl-3' 

(b) 5'-cgctccatgtcgataaggaag-3' 

(c) 5'-FAM-ccacct tcgccaccgtctcca-TAM RA-3' 


853-919 


* AB043703 


T2D9 


(a) 5'-ccccgggagctacggac-3' 

(b) 5 -tagtcalgtgcaagaccacgg-3' 


1,696-1,763 


HSU82I69 


ATPsy6 


(a) 5 -ggtgtaggtgtgcctigiggi-3' 

(b) 5'-gge,cgcagtgatiaiaggctt-3' 

(c) 3'-FAM-aagigggcbgggcaitiii3atc!tagagcg'TAMRA-3' 


. 58O-503 


AF36827J 


c-myc 


(a) 5'-accaccagcagcg3ctctga-3' 

(b) 5MccagcagaaEgig3tccagact-3' 

fc) 5 ; -FAM-acettitgceap^agccigcctci-TAMRA-3' 


1.297-1,413 


HSMYCI 


Cyclin Dl 


(a) 5'-gaacctggccgcaatgac-3'- 

(b) 5'-cgcctctggcaititgga-3* 

(c) 5'-FAM-ccgcacgatttca«gaacactt-TAMRA-3' 


4,148-4,211. 


AF51 1593 


PPAR5 


(a) 5'-agcatccicaccggcaaaO' 

(b) 5 -gtctcgaigtcgtggatcaca-3' 

(c) 5'-FAM-ccagccacacggcgccct-TAMRA-3' 


932-990 


NM-006238 


3 (a) = .Sense primer. (b) = an lisense primer; (c) = probe. 

b Fragment positions are given according to the EMBL/GenBank accession No. of cloned sequence. 
c EMBL/CcnBank accession No. of cloned sequence. 



formalin and with the alcohol-based fixative. Paraffin and cryosec- 
lions were mounted on po)y-Z.-lysine or 3-aminopropyltrietboxys>- 
lane-gelatin-coated slides. The 59 tissue samples on the CL1 human 
renal cancer tissue array slides were all fixed with formalin and 
embedded in paraffin, and the sections were mounted on si Jane- 
coated slides (SuperBioChips Laboratories). In addition to renal car- 
cinoma tissue., sections from 10 formalin-fixed paraffin-embedded 
lung carcinomas were stained for F2d5. Colon and breast tumors 



were used as positive controls for 0-catenin and cyclin DI immuno- 
staining. ... 

. The following primary antibodies were used: Fzd5 (Upstate Bio- 
technology). P-catenin (Zymed), cyclin Dl (Zymed). E-cadherin 
(Novaccstra) and cytokeratin 8 (Biogenex). Cryosections were fixed 
in 4% paraformaldehyde for 5 min; acetone for 5 min at -20*C and 
70% efhanol for 5 min. Endogenous peroxidase activiiy was 
quenched using 3% H;Ch. Paraffin sections of formalin- and alcohol-' 
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Table 1. Fzd mRNA expression in lumor samples 



Sam Die 3 


Tissue 


Tumor Ivdc 


x-fold expression increase* 










• 






F2D2 


F2D3 


FZD5 


FZD6 


F2D7 


FZD8 . 


FZP9 


133702 


- kidney 


• adenocarcinoma 


0.17 


0.5 


3.72 


2.13 


0.06 


1.32 


- 


1 17770 


Icidnev 




1.23 


3J6 


836 


2.0 1 


1.3 


8.21 


5.44 




ti'rinPV 
ItJUllCj 


■cnaj ceil carcinoma 


0.31 


0.11 


6.84 


IJ'8 


0.23 


3.18 


2.8 


137146 


kidney 


renal celJ carcinoma 


0.47 


0.45 


3.16 


2.23 


0 73 


4 47 




) 37564 


kidney 


. renal cell carcinoma 


3.43 


2.95 


9.6 


1.57 


7.64 






-133408 


kidney 


renal eel] carcinoma 


23.97 


0.98 


6.39 


2.48 


5.05 


16.72 




139188- 


kidney 


renal cell carcinoma 


3.7 


0.56 


0.66 


1.33- 


0.37 


4.41 




13569? • 


kidney • 


rcnaJ cell carcinoma 


2.6 


0.36 


4.83 


6.9 


0.34 


2 54 


7 11 


139064 


kidney 


renal cell carcinoma 


5.16 


J. 82 


1.25 


2.36 


1.8 


2.19 


2.85 


. ) 34585 


kidney 


renal cell carcinoma 


1.47 


0.72 


1.38 


0.47 


0.09 


0.6 




140279 


kidney 


jena) cell carcinoma 


733 


18.17 


3.93 


6.05 


6.41 


4.6*5 


7.57 


137252 


ovary 


carcinosarcoma • 


0.4 


3J9 


0.49 


0.44 


0.92 


0.54 • 


0.53 


138256 


ovary 


papillary carcinoma 


0.7 


5.17 


\22 


2.19 


0:4 


0.11 




146472 


ovary 


serous papillary carcinoma • 


0.39 


3.29 


2.56 


U4 




0.67 


0.59 


145845 


colon 


adenocarcinoma 


3.45. 


3.36 


0.58 


1,22 


L67 


U4 


1.99 


146145 


colon 


adenocarcinoma . 


5.46 


6.74 


4.42 


6.57 


3.36 . 




0.15 


146630 


colon 


adenocarcinoma * 


4.01 


4.73 


0.3 


1.16 


0.54 


0.55 


0.12 


146633 


colon 


adenocarcinoma 


1.87 


1.07 


1.62 


1.47 


0.51 


2.07 




147055 


colon 


adenocarcinoma 


0.66 


1.41 


1.03 


1.33 


0.24 


.0.79 . 


4.87 



142253 
143036 
.138938 
133563 
144387 
137304 
144546 
137621 
145552 



Jung 

lung 

lung 

lung 

Jung 

long 

lung 

lung 

lung 



adenocarcinoma 0.67 5.17 0.43 1.87 

adenocarcinoma 0.67 1.24 2.63 1.13 

adenocarcinoma 0.93 0.88 1.07 . * 1.3 

adenocarcinoma 2.76 1.23 0.31 134 

adenocarcinoma J2.85 0.43 0.49 0.25 

acinary adenocarcinoma 0.54 - 9.15 1.65 1.25 

epithelial carcinoma 0.1 0.67 0.21 8.11 

epithelial carcinoma 1.52 2.19 0.37 2.26 

epithelial carcinoma 1.09 - 0.J6 0.91 



033 

1.11 

1.73 

0.99 

2.73 

0.63 

0.27 

0.52 

1.47 



0.59 

1.04 

0.38 

0.78 

0.54 

3.41 

0.97 

0.45 

0.13 



0.41 
9.19 
0.76 
4.97 

2.64 
1.32 
1.06 



143987 


testis 


embryonal carcinoma 


0.24 


0.6 


19.43 


1.33 


23.12 


2.43 


0J3 


137332 


stomach 


leiomyoma 


19.32 


3.91 


0.45 


1.53 


18.98 


32.82 


16.7 


139026 


stroma 


gastrointestinal carcinoma 


66.1 


3.51 


0.03 


6.67 


8.44 


2.28 


20.82 


136049 


rectum 


adenocarcinoma . 


J.7J 


0.52 


0.4 


0.54 


0.29 


0.88 


0.28 


140794 


gaJI bladder 


adenosquamous carcinoma 


0.19 




0.93 


3.02 


0.2 







* Sample identification numbers were given by the pathologist. 

b Results are expressed as x-fold increase of the gene in the tumor tissue sample compared to its matched normal tissue sample after 
normalizing both samples on the basis of their. ATPsy6 content. A cutoff of 3-fold was used to define differential expression. Significant 
(> 3-fold) increases in the expression level of the Fzd receptor arc shown in italics. - = Expression of the target gene undetectable in one or both 
samples (tumor and/or normal). 



fixed tissue were processed with a t rypsnvcil rate- microwave pre- 
treatment or with an EDTA-microwave pretreatment to unmask epi- 
topes, respectively. Sections were then sequentially processed with 
primary antibodies, biptinylated secondary antibodies and slreptav- 
idin-biotin-peroxidase (Fzd5. E-eadherin and cytokeratin 8). For 0- 
catenin. polyclonal rabbit antibody with the En Vision detection sys- 
tem (DAKO) was used. The slides were further developed using 3- 
aminD-9-eihyIcarbazoJe. counters! a ine'd with hemalaun and mount- 



ed With glycerin gelatin. Stained sections were observed with an 
Axioplan 2 microscope equipped with an Axiocam digital camera. 
Staining intensity for 0-catenin was scored as no staining (value 0), 
weak and fragmentary staining of cell membranes (value 1). moder- 
ate membrane staining of less than 50% of the lumor cells (va|uc~2). 
moderate membrane staining of more than 50% of lumor cells ( value 
3) and sirong membrane staining of more than 75% of tumor cells 
(value 4). The cyclin Dl staining was quantified as a percentage of 
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F»g„ 1. Fzd5 protein expression in matched 
tumor/normal kidney samples. T = Tumor 
sample; N = matched normal sample. Sam- 
ple Identification numbers are given by the 
pathologist. 




cyclin DI-immunoreacljvc nuclei in tumor cells in three fields (area: 
1 8,64 1 pro 1 ) of each tumor sample; The total number of tumor nuclei 
ranged from 51 to 164. The correlation between Fzd5 and 0-catenin 
staining* and between Fzd5 and cyclin Dt staining was evaluated by 
the Mann-Whitney U test. 



sion level was observed to be reJatively low in these Jung 
tissues compared to the other tissues investigated 



Resuhs 

Fid mRNA Expression in Matched Human 
. Tumor /Normal Tissue Samples 

Fzd expression in tumor tissue was compared with Fzd 
expression in matched normal tissue samples and normal- 
ized to the expression of the housekeeping gene mitochon- 
drial AT?sy6 (tabJe 2). A 3-fold increase was considered 
significant. . 

In the kidney tumor samples, in which 10 of 1 1 sam- 
ples were clear cell carcinomas, Fzd5 was upregulated in 8 
of the 1 1 samples. A similar observation was made for 
Fzd8 and Fzd2, which were upregulated in 7 and 5 renaJ 
tumor samples, respectively. None of the other Fzds 
showed consistent upreguJation. 

Both Fzd2 and Fzd3 were upregulated in 3 of 5 colon 
adenocarcinoma samples. No other Fzd expression was 
significantly different compared to the normal colon tis- 
sue sample. F2d3 showed an increased expression in alJ 3 
ovarian carcinoma samples. Fzd expression was not al- 
tered in any of the lung tumor samples. The Fzd expres- 



Western Blot and J mmunohisiochemistry Analysis on 
Renal Carcinomas 

Western blotting was used to evaluate Fzd5 protein 
expression in the renal tissue samples used for mRNA 
expression analysis. Membrane Tractions of the renal car- 
cinoma and corresponding normal tissue samples were 
prepared. As previously shown (table 2), Fzd5 mRNA 
upregulation was detected in 8 of the 1 1 matched tumor/ 
normal samples. Increased expression of Fzd5 protein 
was seen in membrane fractions from 9 of 11 samples 
(fig. J). In most cases, concomitant increases in Fzd5 
mRNA and protein levels were observed. 

Hematoxylin-eosin staining of the cryosecl toned tu- 
mors confirmed the presence of clear cell carcinoma. 
Fzd5 immunostaining in clear cell carcinoma (fig. 2a, b) 
was observed to be localized to cell membranes and to 
. nuclei. Cytokeratin 8 (fig. 2c) and E-cadherin (fig. 2d) 
were also detected. E-cadherin labeling of cell membranes 
in clear ce)J carcinoma was less intense and patchy com- 
pared to epithelial cells of normal renal tissue. |3-Catenin 
staining was confined to the cell membrane. 0-Caienin 
levels in the clear cell carcinoma membranes were highly 
variable. Nuclear 0-catenin staining was not observed in 
any of the samples. Epithelial cells in normal renal tissue 
showed intense membrane staining and some cytoplasmic 
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staining. In addition, weak p-catenin staining of endothe- Expression of PPARS was investigated because it repre- 
lial cells was observed. A high number of cyclin Dl- sents a direct target of the P-catenin pathway with T cell 
immunoreactive nuclei was observed in cleared! carcino- factor binding sites in its promoter. Expression of c-rnyc 
ma (fig. 20. was found to be upreguJated in 7 of 1 1 , whilst cvclin Dl 
On the CL1 human kidney cancer tissue array, 30% was upreguJated in 10 of 1 1 kidney tumor sam'ples (ta- 
(n = 9) of the clear cell carcinoma tumor samples (n = 30) ble 4). PPAR6 was upregulated in 9 cases. AH three select- 
showed Fzd5 immunoreactivity (fig. 3a). Membrane-as- ed target genes showed a marked upregulation in the 
sociated (3-catenin staining was observed in 33% of the majority of renal tumors, which suggested that the Wnt/ 
FzdS-positive tumor samples and 57% of F2d5-negative P-catenin pathway was activated in these samples, 
clear renal cell carcinoma samples (table 3; fig. 3c, d). 
Again, nuclear p-catenin staining was never observed. 
Statistical analysis did not reveal a di/Terehce in the 
expression of p-catenin between Fzd5-positiYe and Fzd5- 
negative tumor samples (fig. 4a). 

Nuclear cyclin Dl was observed in. 89% of the Fzd5- 



Discussion 

Fzd family member overexpression has been postu- 
lated to p]ay key roles in different tumor types such as 



positive clear cell carcinoma samples (table 3; fig. 3e). esophageal carcinoma [11], gastric cancer [12] and head 

Only 38% of the Fzd5-negative dear cell carcinoma sam- and neck squamous, cell carcinoma 113]. The current 

pies, contained nuclear cyclin Dl. Statistical analysis study evaluated the potential implication of Fzds as 

showed a significantly higher cyclin Dl expression in tumor-associated antigens in different tumor types We 



Fzd5-positive compared toFzd5-negative tumor samples 
(fig. 4b). 

c-myd Cyclin Dl and Peroxisome 
Ptbliferator-Actiyated Receptor S Expression in Renal 
Carcinomas 



screened a number of matched normal/tumor tissue sam- 
ples for the expression of a variety of Fzds using real-time 
quantitative PCR. 

Results obtained revealed that both Fzd5 and Fzd8 
mRNA were overexpressed in the majority of renal carci- 
noma samples when compared to the matched normal 



Wnt/p-catenm.pathway activation in the kidney tissue kidney samples. Fzd2 and Fzd3 were upregulated in 3 of 5 



samples was investigated looking at the expression of a 
number of target genes, which have previously been 
shown to be upregulated when the pathway is active. 
Gene expression of c-myc, cyclin Dl and peroxisome 
proliferator-activated receptor 5 (PPAR6) was analyzed. 



colon adenocarcinoma samples. Fzd3 was also upregu- 
lated in the ovarian tumor tissue samples compared to the 
matched normal Ussuc samples. None of the other Fzds 
evaluated showed a specific differential expression pat- 
tern in any of the samples studied. Fzd5 and Fzd 8 show 



Increased expression of both c-myc and cyclin D 1 genes 69. 1 % similarity and belong to the same subgroup of Fzds 
have been implicated m cell proliferation, and carcino- [14J. The significantly higher expression of Fzd5 and 
genesis, and they represent two of the more important and Fzd8 in the renal tumor samples, as compared to the npr- 
doseiy studied target genes of the Wnt signaling pathway, ma) renal samples, suggests a higher probability that this 

subgroup may be implicated in the progression of renal 
cancer. Therefore, we decided to further examine the pos- 
sible role of Fzd5 in renal carcinoma. 

We observed, using Western blotting, that protein lev- 
els were mostly consistent with mRNA levels in the tumor 
samples. In order lobe able to determine the Fzd 5 expres- 
sion in a broader range of kidney tissues, we utilized a 
tissue array. Fzd5 membrane staining was detected in 9 of 
30 (30%) clear cell carcinomas, and importantly, mem- 
brane staining was not detected in the matched 9 normal 
kidney tissue samples. 

Since the Wnt signaling pathway appears to play an 
important role in embryonic development, in particular 
embryonic kidney induction [15, 16), activation of this 
pathway in the adult kidney due to mutation or overex- 



Rg.2. Distribution of Fzd5 fa, b), cytokeratin 8 (c), E-cadnerin (d) 
and 0-catcnin (b) immunoreactivity in paraffin sections from a renal 
tumor processed by an alcohol fixative. From the same tumor, a for- 
malin-fixed block was used for cyclin Dl immuoostaining (f). Fzd5 
jmmunosiaining shows distinct immunoreactivity i D celt membranes 
and m nucJci of clear cell renal carcinoma. Clear cells are immunore- 
active for cytokeratin 8. P-Caienin and E-cadherin staining of mem- 
branes is raiher weak, and not uniform, in cleared! renal carcinoma. 
Nuclear p-catenin immunoreactivity was not observed. In clear cell 
renal carcinoma, many nuclei showed cyclin Dl immunoreactivity. 
The inset in f show 5 a detailed view of the cydin Dl labeling of nuclei 
in clear cell renal carcinoma. 
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Table 3. Correlation between Fzd5 and 
p-catenin or cyclin D J expression 
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pression or one of the components of the pathway could 
be a determining factor in the development of renal can- 
cers. Therefore, several studies have looked into ihe possi- 
ble function the Wnt/^catenin pathway plays in renal 
carcinogenesis. APC gene mutations have been demon- 
strated not to be involved in renal carcinojrfa [17, 18J In 
addition, P-catehin mutations are rare events in renal car- 
cinoma [19, 20). Nevertheless, cytoplasmic accumulation 
of p-catenm has been reported in a number of renal cell 
carcinomas [19], and thus the Wnt signaling pathway 



Tabled Wnt/ftcatenin target gene mRNA egre ssion in tumor samples 
Sample Tissue Tumor type 



x-fold expression increase 6 
c-myc cyclin D I PPAR5 



133702 

137770 

I3S844 

137146 

137564 

i33408 

139188 
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139064 

134585 

140279 



Hdney adenocarcinoma QS4 

kidney renal cell carcinoma jj[p 

kidney renal cell carcinoma 2.39 

Kiinty renal cell carcinoma Z62 

kidney renal cell carcinoma 3X82 

kidney renal cell carcinoma %g 

kidney renal cell carcinoma 2.22 

kidney renal cell carcinoma 12.18 

kidney renal cell carcinoma 22.11 

kidney renal cell carcinoma 779 

kidney renal cell carcinoma e) 68 



4.52 
28.91 
31.49 
1538 
19.65 
8.92 
9.92 

22.73 
5.04. 
1.14 

54.95 



0.52 
5.53 
7.48 
3J5 
8.65 
4.86 
11.67 
. 5J3 
.. 6.33 
1.67 
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3."F2d5, 0-catcnin and cyclin Dl immunostaininp «r ik-. m 
arrays. The left column of images "I-e^ffl^^^; ^ Ca ™ om2 
show a „ overview of each tumor section on tf^S^J^^^ ^ 
live clear cell renal carcinoma (a) of this lumor samole d^nL" ■ ^^"^reac 
Mutffcr cyclin Di (•) detects di Kffotew^r *? ln,iD (CJ * ,mmU * 
Tnc right column of images is taken fum^!^^™ ti^ 
carcinoma from this tumor sample does no, IZ^F^!^ T^P**' «» ™* 
distinct membrane 0-c a ,enin staining (d) 5 W 8 " d Cyd,n ° 1 (f) bul do « * ho * 



Fig. 4. Box pJot charts (thick black line = 
medhn) illustrating the relationship be- 
tween Fzd5 immunosiaining and ^catenin 
(») and cycJin Dl (b) expression in clear cell 
renal carcinoma. No significant correlation 
was observed between the^catenin scores of 
Fzd5-positivc and -negative clear cell renaj 
carcinoma. Nuclear cyclin. Dl staining in 
clear cell renal carcinoma showed a signifi- 
cant di/Terence between Fzd5-positive and 
Fzd5-negarive tumor samples. 
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might act as an inducer of tumor igenesis in the kidney. 
This view is supported by the observation that aberrant 
activity of the Wnt signaling pathway has been reported in 
renal-cancer-derived cell lines. Zang et al. [2 1 J observed a 
higher expression level of Wnt5a and Fzd5 mRNA in the 
rerjaJ cancer cell line GRC-1 than in the norma] renaJ celJ 
line HK-2. Expression of p-catenin was aJso higher in 
GRC-1 than inHK^. 

To determine the status of the canonical Wnt signaling 
pathway in our renal carcinoma samples, we have quanti- 
tated the mRNA levels of three important target genes of 
T cell factor/lymphoid enhancer factor activation by 
P-catenin- The mRNA levels of these three target genes 
(c-myc, cyclin Dl and PPAR 6) correlated largely with the 
expression of FzdS in these samples, suggesting that the 
. canonical pathway is activated. On the kidney tissue 
array, cyclin Dl protein expression showed a highly sig- 
nificant correlation with the Fzd5 expression in the tumor 
samples (table 3). Cyclin Dl prolein is frequently. overex- 
pressed in various tumors, but in only a. proportion of the 
cases is it due to amplification of the cyclin Dl gene [22). 
.Therefore, other mechanisms such as upregulatiori of gene 
transcription may play a substantial role in the overex- 
pression of cyclin Dl [23-26]. Our data, showing in- 
creased cyclin Dl expression in renal carcinoma samples, 
are consistent with the results of Stassar et ah [27]. They 
studied genes that are associated with human renal carci- 
noma by suppression subtractive hybridization and re- 
ported 14 diUerentialry expressed genes, including cyclin 
Dl. Although we would have expected an increased nu- 
clear fkratenin staining, nuclear accumulation of 0-cate- 



nin was not observed in any of the tumors or on the tissue 
array. This result is consistent with the data presented for 
renal cell carcinomas by Kim et aL (19], They did not 
detect nuclear 0-catenin staining in the 52 renal cell carci- 
nomas examined. The lack of nuclear 0-catenin staining 
has also been reported by others in tumors that might 
have arisen from Wnl/p-catenin pathway activation [28- 
31). 

While expression of both Wnt5a and Fzd5 does induce 
duplication of the jtenopus head, exogenous expression of 
Fzd5 in a Xenopus model does not induce duplication of 
the head [32]. Fzd5 does not activate the 0-catenin signal- 
ing pathway on its own, as the presence of its endogenous 
ligand is also required. Our results.suggest that Fzd5 may 
have a role in renal cell carcinogenesis due to its frequent 
overexpression observed in these tumor samples, and we 
hypothesize that if Fzd5 is overexpressed, it has a rather 
limited effect, on P-catenin signaling. However, in the 
presence of its endogenous still unknown ligand, it acti- 
vates the canonical Wnt signaling pathway. The elucida- 
tion of this ligand and its binding characteristics is still 
under investigation. Ultimately, knowledge of the specific 
expression patterns of both Wnt and Fzd members could 
lead to directed tumor targeting or could be used as a 
tumor marker. 
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Multidrug resistance pkosphoglycoprotein (ABCB1) iu the mouse 
placenta: fetal protection. 

Kalabis GM, Kostaki A, Andrews MEL Petropoulos S. Gibb W . Matthews SG . 
Department of Physiology, University of Toronto, Ontario, Canada. 

The multidrug resistance phosphoglycoprotein ATP-binding cassette subfamily B 
(ABCB1) actively extrudes a range of structurally and functionally diverse xenobiotics as 
well as glucocorticoids. ABCB I is present in many cancer cell types as well as in normal 
tissues. Although it has been localized within the mouse placenta, virtually nothing is 
known about its regulation. In the mouse, two genes, Abcbla and Abcblb, encode 
ABCB1. We hypothesized that there are changes in placental Abcbla and Abcblb gene 
expression and ABCB1 protein levels during pregnancy. Using in situ hybridization, we 
demonstrated that Abcblb mRNA is the predominant placental isoform and that there are 
profound gestational changes in the expression of both Abcb I a and Abcb lb mRNA. 
Placentas from pregnant mice were analyzed between Embryonic Days (E) 9.5 and 19 
(term approximately 19.5d). Abcblb mRNA was detected in invading trophoblast cells 
by E9.5, peaked within the placental labyrinth at E12.5, and tiien progressively decreased 
toward term (P < 0.0001). Abcbla mRNA, although lower than that of Abcblb at 
midgestation, paralleled changes in Abcblb mRNA. Changes in Abcb I mRNA were 
reflected by a significant decrease in ABCB 1 protein (P < 0.05). A strong correlation 
existed between placental Abcblb mRNA and maternal progesterone concentrations, 
indicating a potential role of progesterone in regulation of placental Abcblb mRNA.In 
conclusion, there are dramatic decreases in Abcbla and Abcblb mRNA and in ABCB1 at 
the maternal-fetal interface over the second half of gestation, suggesting that the fetus 
may become increasingly susceptible to the influences of xenobiotics and natural steroids 
in the maternal circulation. 
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Expression of human telomerase reverse transcriptase gene and protein 
and of estrogen and progesterone receptors, in breast tumors: Preliminary 
data from neo-adjuvant chemotherapy. 

Kammori M > k»"uyama N, Hashimoto M Nakamura K. Okanp T Kurabavashi R 
NapJoH, HojunaN, OgawaT, KfflstefcUM, T^kyboK 2_L Kiirabayashi R , 

M^^T^ SU L g6ry ' of Surgery, Graduate School of 

Medicine, The University of Tokyo, Buxikyo-ku, Tokyo 1 13-8655, Japan, kanmori- 
dis@uxnin.ac.jp. 

Human telomerase reverse transcriptase (hTERT), the catalytic subunit of telomerase is 
very closely associated with telomerase activity. Telomerase has been implicated in ' 
cellular immortalization and carcinogenesis, in situ detection of hTERT will aid in 
determining the localization of telomerase-positive cells. The aim of this study was to 
detect expression of hTERT mRNA, hTERT protein, estrogen receptor (ER) and 
progesterone .receptor (PR) in paraffin-embedded breast tissue samples and to investigate 
me relationship between hTERT expression and various clinicopathological parameters 
in breast tumongenests. We used in situ hybridization (ISH) to examine hTERT gene 
expre™, and immunohistochemistry (IHC) to examine expression of hTERT protein 
ER and PR, m breast tissues including 64 adenocarcinomas, 2 phyllode tumors and their 
adjacent normal breast tissues. hTERT gene expression was detected by ISH in 56 (88%) 
carcinomas but in neither of the 2 phyllode tumors. hTERT protein expression was 
detected by IHC m 52 (81%) carcinomas, but in neither of the 2 phylloae tumors 
Moreover, ER and PR were expressed in 42 (66%) and 42 (66%) carcinomas 
respectively, and in neither of the 2 phyllode tumors. In 4 cases of breast carcinoma that 
stoongly expressed hTERT gene and protein before treatment, neo-adjuvant 
chemotherapy led to disappearance of gene and protein expression in all cases. There was 
a sfrong correlabon between detection of hTERT gene expression by ISH and of hTERT 
protein by ICH in ussue specimens from breast tumors. These results suggest that 
detection of hTERT protein by ICH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker. 
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Abstract. Human telomerase reverse transcriptase (hTERT), 
the catalytic subunit of telomerase, is very closely associated 
with telomerase activity. Telomerase has been implicated m 
cellular immortalization and carcinogenesis. In sim detecuon of 
hTERT will aid in determining the localization of telomerasc- 
positive cells. The aim of this study was to detect expression of 
hTERT mRNA, bTERT piotein, estrogen receptor (ER) ana 
progesterone recepior (PR) in paraffin-embedded breast tissue 
samples and to investigate the relationship between hTERT 
expression and various clinicopathological parameters m breast 
rumorigenesis. We used in sim hybridization (1SH) to examine 
hTERT °ene expression, and immunohisiochermstry (IHU to 
examine'expression of hTERT protein. ER and PR. in breast 
.issues including 64 adenocarcinomas. 2 phyllode tumors and 
their adjacent normal breast tissues. hTERT gene expression 
was delected by 1SH in 56 (88%) carcinomas, but m neither 
of the 2 phyllode tumors. hTERT protein expression was 
detected by IHC in 52 (81%) carcinomas, but in neither of 
the 2 phyllode rumors. Moreover. ER and PR were expressed 
in 42 (66%) and 42 (66%) carcinomas, respectively, and m 
neither of the 2 phyllode rumors. In 4 cases of breast carcinoma 
tha. strongly expressed hTERT gene and protein before 
treatment neo-adjuvant chemotherapy led to disappearance of 
grne and protein expression in all cases. There was a strong 
Lelation between de.ection of hTERT gene expression by 
)SH and of hTERT protein by 1CH in tissue specimens fiom 
breast rumors. These results suggest that detecuon of hTERT 
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protein by 1CH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker. 

Introduction 

Breast cancer is the most frequent malignancy in 
affecting up to one in every eight females worldw.de. The 
most important clinicopathological prognostic parameter so 
far identified is the absence or presence of lymph node 
metastasis, but the identification of further parameters for 
both lymph node-positive and -negative patients would 
facilitate an individually based risk-directed therapy (1). A 
promising emerging molecular marker is telomerase a 
ribonucieoprotein enzyme complex, which when actuated 
or upregulated allows tumor cells to escape from cellular 
senescence and to proliferate indefinitely (2). TT* human 
telomere is a simple repeat sequence of six bases (TTAGOO) 
that is located at the ends of each chromosome (3). Telomeres 
are believed to protect against degeneration, reconstruction, 
fusion, and loss (4) and to promote the homologous pairing 
of chromosomes (5). The end-to-end chromosome fusions 
observed in some tumors may result from the loss of telomeres 
and may be partly responsible for the genetic instability 
associated with tumorigenesis. Telomerase catalyzes the 
synthesis of telomere DNA and facilitates cell immortalizaUon 
through the stabilization of chromosomal structure <6-«). 
Although the expression of the human RNA component of 
telomerase (hTERQ is widespread, the restricted expression 
pattern of the mRNA of hTERT. the human telomerase 
catalytic subunit £enc> is correlated with telomerase activity 
(8-13). As telomerase activity seems to be the key player in 
tumor cell immortality, it has importance as a target molecule 
for anti-cancer therapy. Telomerase activity has been shown 
to correlate with poor clinical outcome in neuroblastomas 
and other tumors (14). For breast cancer, however, lelomerase 
activity is a controversial prognostic marker: some studies 
suggest that telomerase activity, clinicopathological parameters 
and disease outcome are linked, whereas others do not find 
this association ( 14-23). 
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We have succeeded in very clearly and sensitively demon- 
strating hTERT mRNA irr thyroid, colorectal, parathyroid 
and lung tissues by use of an oligonucleotide probe ( 13,24-26). 
Strong correlation has been observed between hTERT mRNA 
and7or protein expression and telomerase in a variety of 
malignant tumors (13. 14,24.25 ,27 ,28). In the present study, 
we used 1SH to examine expression of the hTERT gene, and 
1HC to examine expression of hTERT protein, ER and PR, in 
64 carcinomas and 2 phyllodes rumors of breast to determine 
whether hTERT protein can be used to differentiate breast 
cancers. We also analyzed hTERT mRNA and protein 
expression with special reference to clinical features and 
histological findings to investigate the potential role of 
hTERT mRNA expression analysis in predicting the biological 
characteristics of breast cancers. Since hTERT expression in 
breast rumors has not previously been analysed by 1SH or IHC, 
our investigation also examined various clinicopathological 
parameters, including age. histopathplogical type, tumor size, 
lymph node status, relapses, and the expression of ER and PR. 

Materials and methods 

Tissue collection. Sixty-six samples were obtained during 66 
mastectomies: 64 breast carcinomas, 2 phyllodes tumors and 
66 specimens of the adjacent normal breast gland. In 4 cases, 
samples were obtained during core needle biopsies (CNB) 
before neo- adjuvant therapy and again during masiectomies 
after neo-adjuvant therapy; for these cases, all measurements 
and examinations were performed, both before and afier the 
neo- adjuvant therapy. The patients ranged in age from 32 to 
90 years. The patients with carcinomas ranged in age from 37 
to 90, mean 56. years and were all women. The women with 
phyilode tumors were aged 32 and .38 years, respectively. 
The surgical and CNB tissue samples were frozen rapidly 
with liquid nitrogen and stored at -80*C until fixation. Then, 
they were fixed in 10% buffer formalin solution and 
embedded in paraffin. Surgical and CNB samples were 
collected from the patients after obtaining their informed 
consent, and the study protocol was approved by the Medical 
Department of the University of Tokyo Ethics Committee. 
The pathologic diagnoses were made by the surgical 
pathological specialists at our institute on the basis of 
examination of hematoxylin-eosin stained slides. A 
pathological review was performed for all breast tumors 
according to the BRE score. pT and pN staging were assigned 
according to the 1997 WHO classification (7th edition). 

MCF-7 human breast cancer cells, kindly provided by the 
Cell Resource Center for Biomedical Research. Institute of 
Development. Aging and Cancer. Tohoku University, were 
used as positive controls. The cells were incubated in RPM1- 
1640 medium with 25 mM HEPES buffer. L-glutamine. and 
10% fetal bovine serum (Gibco; Grand Island, NY) on a 
chamber-attached slideglass (Lab-Tek* Chamber Slide 1 ": 
Nalge Nunc International, Napervjlle, IL) in a humidified 5% 
CO, atmosphere at 37*C. The cells were then fixed with 10% 
buffered neutral formalin (Sigma Chemical Co.. St. Louis. 
MO). The cultured MCF-7 cell line that was used as a positive 
control was tested for telomerase with a PCR- based standard 
TRAP assay (6.13). These cells were also used to prepare cell 
blocks. Briefly, the cells were fixed in 10% buffered neutral 



formalin, resuspended in molten agarose and then embedded in 
paraffin. Sections from these cell blocks were used as positive 
procedural controls in ISH and IHC. The negative control in 
ISH was obtained by replacing the oligonucleotide probe with 
RNase. The negative control in IHC was obtained by replacing 
the primary antibody with Tris-buffered saline (TBS). 

m 

Oligonucleotide probe for ISH. The specificity of the oligo- 
nucleotide sequence was initially determined by a GenEMBL 
database search using the Genetics Computer Group Sequence 
Analysis Program (GCG, Madison, WI) based on the fastA 
algorithm (29); the sequence exhibited 100% homology 
With the hTERT gene sequence. A dCD*) oligonucleotide 
was used to verify the integrity and lack of degradation of 
the mRNA in each sample. Al) oligonucleotide probes 
were synthesized with a hapten-labeled nucleotide, such as 
digoxigenin-dUTP (Boehringer-Mannheim), at the 3' end via 
direct coupling by using standard phosphoramidite chemistry 
(Research Genetics, HuntsviHe, AL) (30). The probe used for 
detection of hTERT by ISH was generated from the original 
sequence for Homo sapiens telomerase reverse transcriptase 
(AF0 15950), 2766-2800: 5*-GCCTCGTCTTCTACAGGGA 
AGTTCACCACTGTCTT-3' (13,24-26). 
> • 

ISH. ISH was performed with the GenPoint nucleic acid hyper- 
detection system (Dako; Carpenteria, CA) (31). Formalin- 
fixed, paraffin-embedded tissue sections (5 \um thick) were 
deparaffinued in xylene and a graded alcohol series. Tissue 
sections and CNB samples were then pretreated with target 
retrieval solution (Dako, SI 700) at 95*C and proteinase K 
(Dako, S3004) at room temperature. Next; the tissues and 
CNB samples were fixed in 03% hydrogen peroxide followed 
by a methyl alcohol series at room temperature. Digoxigcnin- 
labeled anti-sense oligonucleotide in mRNA in situ hybri- 
dization solution (Dako. S3304) was placed over the tissues 
and CNB samples. After hybridization at 37'C overnight, 
the slides were washed in stringent wash solution (Dako, 
GenPoint System Kit) at 45"C.The tissues and CNB samples 
were exposed to avidin blocking solution (Dako, X059O) 
at room temperature followed by biotin blocking solution 
(Dako. X0590) at room temperature. The tissues and samples 
were then incubated at room temperature with a sheep 
monoclonal hapten-labeled anti-digoxigenin antibody (Dako. 
p5104). and the slides were then fixed with biotinyl tyramine 
(Dako. GenPoint System Kit) at room temperature. Finally, 
the Slides were incubated with HRP-conjugaied strcptavidin 
(Dako, GenPoint System Kit) al room temperature. Since 
33'diaminobenzidine tetrahydrochloride (DAB) was used as 
the substrate, a positive reaction was visible as a brown color 
under a light microscope. The sections were weakly counter- 
stained with 0.1% hematoxylin. 

IHC. IHC was performed by the avjdin-biotin complex/ 
horseradish peroxidase method. Tissue sections were stained 
for hTERT with a commercially available monoclonal antibody 
(NCL-L-hTERT; Novocastra, Newcastle upon Tync, UK). 
Sections were dewaxed in xylene. Antigen retrieval was done 
by incubating sections immersed in 0.01 M citrate buffer at 
pH 6.0 in a microwave oven at 99'C. The sections were 
allowed to cool down at room temperature. The sections 
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Tabic I. Relationships between mRNA status (negative/ 
positive) by ISH and standard clinical, pathological, and 
biological factors in the 66 tumors. 




No. of patients (%) 



Total 



population hTERT hTERT ■* 

(%) negative positive P-value* 



NS 



Figurt I . Representative results of the TRAP assay. If functional telomeres* is 
present, the enzyme adds DNA to the substrate in 6-base-pair (bp) increments, 
resulting in ? ladder-like distribution of products. The 6- bp ladder signals are 
apparent for MCF-7 and breast cancers (case nos. 6. 14, 23. 44 and 59) and are 
not apparent for lysis buffer as the negative control. An earjact of MCF-7 was 
used as a positive control for the TRAP assay and as an Internal Telorncrase 
Assay Standard (JTA5) positive control for PCR amplification, with lysis 
buffer as the negative control (Lysis). 



were then immersed in 1% hydrogen peroxide (H 2 0 3 ) in 
methanol io block endogenous peroxidase activity. Following 
thai, the sections were washed in TBS (pH 7.6) before being 
incubated in "formal rabbit serum for 20 min to block non* 
S£Uific* Dinding. After draining off me excess scrum, the 
sections were incubated with the primary antibody a I room 
leroper attire . The sections were washed in TBS before being 
incubated with the secondary antibody (bioiinylated rabbit 
ami-mouse, Dako). The sections were washed again with 
TBS and incubated with avidin biotin complex/horseradish 
peroxidase. After washing the sections with TBS, peroxidase 
activity was visualized under light microscopy by applying 
DAB chromogen (Dako). The seciions were counterstained 
wiih hematoxylin, dehydrated in increasing grades of alcohol 
and finally mounted in dibutyl phthalate (DPX) mountanl. 

Homogeneous staining or a speckled/dotted pattern in the 
nucleus was considered positive staining, and absence of 
distinct nuclear staining was taken as negative staining. 
Grading of the percentage of stained cells (hTERT labeling 
index) was performed by previously published criteria (I) as 
follows: Grade I, negative staining; Grade 2, 1-10% positive 
staining nuclei; Grade 3, 1 1-50% positive nuclei; and Grade 4, 
>50% positive nuclei. Immunostained slides for ER and 
PR were scored as previously described (32,33). In brief, 
each entire slide was evaluated by light microscopy. First, a 
proportion score was assigned, which represents the estimated 
proportion of positive -staining tumor cells (0, none; I ,< 1/100; 
2. 1/100 to 1/10; 3, 1/10 to 1/3; 4, 1/3 to 2/3; and 5. >2/3). 
Next, ari intensity score was assigned, which represents the 
average intensity of positive tumor cells (0. none; 1, weak, 
2. intermediate: and 3, strong). The proportion and intensity 
scores were then added to obtain a total score, which ranged 
from 0 to 8. Slides were scored by pathologists who did not 
have knowledge of ligand-binding tesults or patient outcome. 



Total 


66 


10(15.2) 56(84.8) 


Age 






<50 


26 


6 (23.1) 20(76.9) 


>50 


40 


6(15.0) 34(85.0) 


Histopatho- 






loptral tvne 






Scirrhous 


32 


2 (6.4) 30(93.6) 


Papillorubular 


20 


2(10.0) 18(90.0) 


Solid tubular 


6 


1(16.7) 5(833) 


Mucinous 


2 


1 (50.0) . 1 (50.0) 


j^ton "iii y osj »c 


4 


2 (500) 2(50 0) 


rnyjiooes 


2 


1 (1001 0 1*01 


Tumor size 


s 




\STuj" 






J 1 \<4-V) 


20 


O (01 20 (1001 


T2 (2.0-5.0) 


34 . 


6(17.6) 28(82.4) 


T3 (>5.0) 


10 


2 (20.0) 8 (80.0) 


Lymph node 
"stags' 






pNO 


34 


6(17.6) 28(82.4) 


pNl 


26 


2 (7.7) 24(92.3) 


pN2+pNM 


4 


0 (0) 4 (J00) 


Relapse 






+ 


10 


0 (0) .10 (100) 




56 


10(17.6) 46(82.4) 


ER expression 






+ (*2) 


42 


6(143) 36(85.7) 


- (<2) 


24 


4 (16.7) 20(833) " 


PR expression 






+ (*2) 


42 


4 (9.5) 38(90J5) 


• (<2) 


24 


6(25.0) 18(75.0) 



NS 



NS 



NS 



NS 



NS 



NS 



V test. NS, not significant: b lnformation available for 64 patients. 



Statistical analysis. Differences in p- values were analyzed 
with the x 1 test for independence, and Fisher's test was used 
for correlations. In all comparisons, p<0.05 was considered 
significant. 

Results 

Representative results of the TRAP assay are shown in Fig. J. 
The cultured cells, which were tested for teJomerase activity 
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Figure 2. Conttarion between hisioiosic diagnosis, human teiomcrase jcver* transcriptase (bTERT) mRNA by ISH. bTERT protein by IHC. estrogen 
recepior |ER) by IHC and progtsierone receptor (PR) by IHC in bicasi cancers, (a. H&E): (b. hTERT mRNA); ic. hTERT proiem): (d.ER) and (e. PR). 



with the TRAP assay, gave positive results with aJI procedural 
controls (MCF-7 and 5 breast cancer samples) (Fig. I). 

ISH revealed that hTERT mRNA was strongly expressed 
in the nuclei and cytoplasm of almost all of the MCF-7. human 
cancer cells (data not shown). Expression of hTERT mRNA 
was delected in 56 (88%) of the 64 breast cancers and in none 
of the phyllodes tumors of the breast (Table I) wiih the anti- 
sense probe, wheieas no expression was detected with the anti- 
sense probe ueated with RN3sc (data not shown). The levels of 
expression were heterogeneous within the carcinomatous 
regions. Strong expression of hTERT mRNA was not confined 
lo the carcinomatous regions but was also delected in 
infiltrating lymphocytes (Fie. 2a and b). Higher expression 
levels of boih signals of hTERT mRNA were detected in 
some sections containing both carcinomas and lymphocytes, 
compared with the adjacent non-cancerous mammary gland, 
bul no clear differences in signal intensiiy were observed 
between carcinomas and lymphocytes. The signals in both 
the normal and cancer lissues were mainly present in the 
lymphocytes, and the signal intensity was similar in boih. 
although a precise quantitative comparison of the in jiw signals 
was impossible. 



IHC revealed that hTERT protein was strongly expressed 
in the nuclei, nuclear membrane and cytoplasm of almost all 
of the MCF-7 human cancer cells (data not shown). Expression 
of hTERT protein was delected in 52 (81%) of the 64 breast 
cancers and in none of the phyllodc tumors of the breast 
(Table II). The levels of expression were heterogeneous within 
the carcinomatous regions. As shown in Fig. 2c; strong 
expression of hTERT protein was observed in nuclei, nuclear 
membrane and cytoplasm, similar to the pattern in MCF-7 
human cancer cells. Normal mammary gland and stromal 
cells generally showed negative immunoreacrivjiy against 
hTERT protein antibody. 

A nuclear signal for the ER (Fig. 2d), as assessed by IHC. 
was observed in 36 (56%) of the 64 breast cancers and in 
none of the phyllode tumors of the breast, with positive 
scores ranging from 2 to 8 (Tables I and I)). A nuclear signal 
for the PR (Fig. 2e). as assessed by JHC> was observed in 38 
(59%) of the 64 breast cancers and in none of the phyllode 
tumors of the brcasl. with positive scores ranging from 2 to 8 
(Tables I and 11). 

We used ISH and IHC to examine hTERT expression 
in 4 cases of breast cancer before and after neo-odjuvant 



Table II. Relationships between mRNA status (negative/ 
positive) by IHC and standard clinical, pathological, and 
biological factors in the 66 tumors. 



No. of patients (%) 



Total 



hTERT 
negative 



hTERT 
positive 



Total 

Age 

<50 
>50 

Histopathologic^! 

type 

Scirrhous 

p3piIlotubuJar 

Solid tubular 

Mucinous 

Non-invasive 

Phyllodes 

Tumor size (cm) b 
Tl (<2.0). 
T2 (2.0-5.0) 
T3 (>5.0) 

Lymph node status* 
pNO 
pNJ 

p N2+pNM 
Relapse 



ER expression 
+ (^2) 

- <<2) 

PR expression 
+ (2:2) 

- (<2) 



66 14 {212) 52 (78,8) 



26 10(38.5) 16(61.5) 
40 4(10.0) 36(90.0) 



32 


2 (6.4) 


30 (93.6) 


20 


4 (20.0) 


16(80.0) 


6 


4(66.7) 


2 (333) 


2 


0 (0) 


2 (100) 


4 . 


2 (50.0) 


2 (50.0) 


. 2 


2 (100) 


0 (0) 


20 


4 (20.0) 


16(80.0) 


34 


6(17.6) 


28 (82.4) 


10 


2 (20.0) 


8 (80.0) 


34 


6(17.6) 


28 (82i4) 


26 


6(23.1) 


20(76.9) 


4 


0 (0) 


4 (100) 


JO 


1(10.0) 


9 (90.0) 


56 


13(232) 


43 (79.6) 


42 


6(14J) 


36(85.7) 


24 


8(333) 


16(66.7) 



42 6(143) 36(85.7) 
24 8(333) J 6 (66.7) 



P-value 3 



NS 



NS 



NS 



NS 



NS 



NS 



NS 



lest. NS. not significant. "Information available for 64 patients. 



chemotherapy. Before chemotherapy, all 4 of the breast 
carcinomas strongly expressed hTERT by both ISH and 
IHC After chemotherapy. hTERT expression completely 
disappeared in all 4 cases (Table III). hTERT expression by 
lymphocytes was detectable by ISH and IHC both before and 
after chemotherapy in all 4 cases, and the level of expression 
did not appear to be altered by treatment. 

No correlation was observed between hTERT mRNA 
expression and any of the clinicopathoiogical parameters 
age. hisiopatholosicai type, tumor size, lymph node status. 



Table 111. Relationship of hTERT mRNA and protein 
expression before and afier neoadjuvant chemotherapy. 

hTERT mRNA hTERT protein 



Case 


Age 


Neoadjuvant 


Before After 


Before After 
• 




80 


AnastrozoJc 




+ 


2 


78 


Anastrozolc 


+ 


+ 


3 


35 


FED 




+ 


4 


37 


AC* 







-FEC.5FU (500 mg/m 1 ). Epirubkrin (70 mg/nr). Cyclophosphamide 
(500 mg/m J ). b AC, Doxorubicin (60 mg/nr). Cyclophosphamide 
(500 mg/m 1 ). Before, before neoadjuvant chemotherapy. After, 
after neoadjuvant chemotherapy. +. positive; negaiive. 



relapses, and the expression of ER and PR. Similarly, there 
was no correlation between hTERT protein expression and 
any of these clinicopathological parameters. There was a 
correlation between hTERT mRNA expression and hTERT 
protein expression in breast cancers (p<0.005). 

Discussion 

This study reports a comparison of hTERT mRNA expression 
by ISH and hTERT protein expression by IHC in tissue 
sections from breast tumors. hTERT mRNA was detected 
by ISH in 56 of the 64 breast cancers and in MCF-7 human 
breast cancer cells. Breast cancer cell nuclei stained strongly 
positive with the specific anti-sense probe but not with the 
anti-sense probe treated with RNase (data not shown). Tissue 
lymphocytes also stained positively with the ami- sense probe, 
but the stromal cells did not. Expression of hTERT protein 
was observed by IHC in 52 of the 64 breast cancers. hTERT 
mRNA and protein expressions were highly correlated in 
breast cancers (p<0 005). Detection of the hTERT protein by 
IHC has permitted further analysis of carcinogenesis and 
cancer diagnosis (34). 

In recent years, there has been disagreement over the 
suitability of telomerase activity as a prognostic biologic 
marker in breast cancer that may help to differentiate patients 
for individually based risk-related therapy. Hiyama et ol (15). 
in a study of 140 breast cancer specimens with the TRAP 
assay, found a strong association between telomerase activity 
and stage classification and observed telomerase activity 
in 68% of stage 1 tumors and 95% of stage IV tumors. 
Po/emba et ol ( I), using tissue microanays, found a statistically 
significant correlation between rumor-specific survival (overall 
survival) and hTERT expression in breast cancer. However, 
some problems in interpretation may affect this apparent 
consensus. First, some samples of breast cancer tissue may 
be extensively contaminated by infiltrating lymphocytes 
during operative manipulations, especially in advanced disease, 
causing overestimation of telomerase activity and/or hTERT 
expression. In our previous reports, higher expression levels 



of signals for both hTERT mRNA and protein were detected 
in some sections containing both carcinoma and lymphocytes 
in thyroid and colorectal cancers (13,24). Secondly, Poremba 
et al (1) used polyclonal antibodies against hTERT prolein as 
a signal for expression. In our bands, polyclonal antibodies 
against hTERT protein give rise to strong background signals 
and are not clearly specific for measuring expression in cancer 
tissues. We have carefully compared the reactivity against 
hTERT protein of the monoclonal antibody used in the 
present study with that of some polyclonal antibodies. Use of 
the monoclonal antibody in IHC allowed clear demonstration 
of hTERT protein expression, with results similar to those 
of 1SH for hTERT mRNA expression. Furthermore, IHC is 
technically much easier to perform than 1SH, since con- 
tamination of samples by RNase is not an issue in IHC. 

To the best of pur knowledge, this report is the first on the 
study of hTERT expression in breast cancer as a function of 
neo adjuvant treatment. We examined hTERT expression 
in 4 cases of breast cancer before and after chemotherapy. 
Before chemotherapy, hTERT was strongly expressed in 
all 4 carcinomas, but after chemotherapy hTERT expression 
had completely disappeared in all 4 cases. hTERT expression 
by lymphocyte's was detectable by 1SH and IHC both before 
and after chemotherapy in all 4 cases, and the level of 
expression did not appear to be altered by treatment. 

In conclusion, determination of hTERT mRNA expression 
by 1SH and hTERT protein expression by IHC can be used to 
obtain information contributing to a hisi ©pathological diagnosis 
during screening of breast cancers. By use of a monoclonal 
antibody, we could very clearly and sensitively demonstrate 
hTERT protein expression in breast cancer tissues but not in 
non-cancerous tissues. We also demonstrated that 4 carcinomas 
with originally positive immunoreactiviry against hTERT 
protein became negative after neo adjuvant chemotherapy. 
These results suggest that determination of hTERT pjotein 
by JCH can be used as a potential diagnostic and therapeutic 
marker to distinguish breast cancers. 
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Expression of the ubiquitin-proteasome pathway and muscle loss in 
experimental cancer cachexia. 

KhglJ, Wyke SM, Russell ST. Hine AV. Tisdale MJ . 

Pharmaceutical Sciences Research Institute, Aston University, Binningham, UK. 

Muscle protein degradation is thought to play a major role in muscle atrophy in cancer 
cachexia. To investigate the importance of the ubiquitin-proteasome pathway, which has 
been suggested to be the main degradative pathway mediating progressive protein loss in 
cachexia, the expression of mRNA for proteasome subunits C2 and C5 as well as the 
ub.qu.tin-coiyugating enzyme, E2(I4k), has been determined in gastrocnemius and 
pectoral muscles of mice bearing the MAC 16 adenocarcinoma, using competitive 
quantttattve reverse transcriptase polymerase chain reaction. Protein levels of proteasome 
subunits and E2(14k) were determined by immunoblotting, to ensure changes in 
were reflected in changes in protein expression. Muscle weights correlated linearly with 
we.ght loss dunng the course of the study. There was a good correlation between 
expr^ston of C2 and E2(14k) mRNA and protein levels in gastrocnemius muscle with 
increases of 6-8-fold for C2 and two-fold for E2(14k) between 12 and 20% weight toss 
followed by a decrease in expression at weight losses of 25-27%, although loss of muscle 
protein continued. In contrast, expression of C5 mRNA only increased two-fold and was 
eieva ed similarly at all weight losses between 7.5 and 27%: Both proteasome functional 
activity, and proteasome-specific tyrosine release as a measure of total protein 
degradation was also maximal at 1 8-20% weight loss and decreased at higher weight loss 

Q S^SZ It* , mUSde f ° IIOWed 3 different P attem with increa ^ ^ ' 

C2 and C5 and E2(14k) mRNA only being seen at weight losses above 1 7% although 

muscle loss increased progressively with increasing weight loss. These results suggest 

that activation of the ubiquitin-proteasome pathway plays a major role in protein toss in 

gastrocnemius muscle, up to 20% weight loss, but that other factors such as depression in 

protein synthesis may play a more important role at higher weight loss. 

PMID: 16160695 [PubMed - in process] 
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Cell type-specific occurrence of caveolin-Ialpha and -lbeta in the lung 
caused by expression of distinct mRNAs. 

Kogojj Aiba T, Fuiimoto T . 

Departmeaf .of Anatomy and Molecular Cell Biology, Nagoya University Graduate 
School of Medicine, Showa-ku, Nagoya 466-8550, Japan, hkogo@aijita-hu.ac.jp 

Two isoforms of caveolin-l, alpha and beta, had been thought to be generated by 
alternative Ration motion of an mRNA (FL mRNA), but we showed previously that 
a vanant mRNA (5'V mRNA) encodes the beta isofonn specifically. In the present sLy 
we demonstrated strong correlation between the expression of the caveolin- 1 protein 
jsoforms and mRNA variants in culture cells and the developing mouse lung. The alpha 
isoform protein and FL mRNA were expressed constantly during the lung development 
Whereasexpression of the beta isoform protein and 5'V mRNA was negligible in the fetal 
lung before 17.5 days post coitum, and markedly increased simultaneously at 18 5 davs 
post co.tum, whenthe alveolar type I cells started to differentiate. Immunohistochemicai 
analyse revealed the cell type-specific expression of the two isoforms; the alveolar type I 
cell expresses the beta isoform predominantly, while the endothelium harbors fte aipha 
isoform chiefly. The mutually exclusive expression of caveolin-l isoforms was verified 
by Western blotting of the selective plasma membrane preparation obtained from the 
endothelial and alveolar epithelial cells. The present result indicates that the two 
caveolio-1 isoforms are generated from distinct mRNAs in vivo and that their production 
is regulated independently at the transcriptional level. The result also suggests that the 
alpha and beta isoforms of caveolin-l may have unique physiological functions. 

PMID: 15067006 [PubMed - indexed for MEDLINE] 
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Oncogene and growth factor expression in ovarian cancer. 
Konunoss F , BauknectitT, Birmclin G . KohjgrM , Tesch H . Pflciderer A 
Department of Gynaecology, Albert-Lud wig University, Freiburg, Germany. 

JhX V ^rSr r f° l0 ^ a[ bCh r i0r ° f ° Varian carcinoma s Probably influences both 
die r operabtl ty and response to chemotherapy, which are the most relevant prognostic 
factors The phenotype of different ovarian carcinomas is obviously associated wTml 

A^alysis^f EGF^'tcf a^'lf^ 3 pamwa y> including c-rayc and c-jun expression. 
Analysts ot EGF-R, TGF-alpha, c-myc and c-jun expression in 33 stage III/IV, and 2 
stage Ull ovarian carcinomas with biochemical, molecular-chemical and 
tmmunohtstochemical methods showed a correlation between the mRNA and protein 
levels of ^GF-R and TGF-alpha for tumors with low or high expressing rates. However 
the concentration of measurable free EGF-Rs seems to depend on the amount of TGF- 
alpha expression by the tumors. The EGF-R binding ligand TGF-alpha is produced by 
epithelial tumor cells; stromal cells are usually TGF-alpha-negative, as shown by 
tmmunohistochemistry. High expression rates of EGF-R. TGF-alpha and c-myc were 
detected m 6 7, and 10 out of 35 ovarian carcinomas, respectively. C-jun mRNA was 
detected in 18/19 cases studied. Non-malignant tissues originating from myometrium or 
ovary expressed no (or only small amounts of) EGF-R or TGF-alpha mRNA whereas a 
high c-myc expression was found in 1/7 normal myometria, and in 2/5 normal ovaries 
There was no strong correlation between EGF-R/TGF-alpha and c-myc/c-iun 
expresston.(ABSTRACT TRUNCATED AT 250 WORDS) 

PMDD: 1 502888 [PubMed - indexed for MEDLINE] 
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A transcriptomic and protcomic analysis of the effect of CpG-ODN on human 
THP-1 monocytic leukemia cells. 



Kuo CC . Kuo CW. LiangCM, Liang SjVl 



Institute of Bio Agricultural Sciences, Academia Sinica, Taipei, Taiwan. 



The CpG motif of bacteria! DNA (CpG-DNA) is a potent irnmunostimulating agent whose 
mechanism of action is not yet clear. Here, we used both DNA microarray and proteomic 
approaches to investigate the effects of oligodeoxynucleotides containing the CpG motif (CpG- 
ODN) on gene transcription and protein expression profiles of CpG-ODN responsive THP-1 cells 
: Microarray analysis revealed that 2 h stimulation with CpG-ODN up-regulated 50 genes and 
down-regulated five genes. These genes were identified as being associated with inflammation, 
antimicrobial defense, transcriptional regulation, signal transduction, tumor progression, cell 
differentiation, proteolysis and metabolism. Longer stimulation (8 h) with CpG-ODN enhanced 
transcriptional expression of 58 genes. Among these 58 genes, none except one, namely WNTI 
inducible signaling pathway protein 2, was the same as those induced after 2 h stimulation. 
Proteomic analysis by two-dimensional gel electrophoresis, followed by mass spectrometry 
identified several proteins up-regulated by CpG-ODN. These proteins included heat shock 
proteins, modulators of inflammation, metabolic proteins and energy pathway proteins. 
Comparison of microarray and proteomic expression profiles showed poor correlation. Use of 
more reliable and sensitive analyses, such as reverse transcriptase polymerase chain reaction, 
Western blotting and functional assays, on several genes and proteins, nonetheless, confirmed that 
there is indeed good correlation between mRNA and protein expression after CpG-ODN 
treatment. This study also revealed that several anti-apoptotic and neuroprotective related 
proteins, not previously reported, are activated by CpG-DNA. These findings have extended our 
knowledge on the activation of cells by CpG-DNA and may contribute to further understanding of 
mechanisms that link innate immunity with acquired immune response(s). 

PMID: 1 5693060 [PubMed - indexed for MEDLINE] 
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Quantification of CK20 gene and protein expression in colorectal cancer 
by RT-PCR and iminunohistodiemistry reveals inter- and intratumour 
heterogeneity. 

Lassmann S , Bauer M, Soong R, Schreglmann J . Tabid K . NahrigJ. Ruger R 
Hofler H , Werner M . b _ 

Pathologisches Institut, Urnversitatsklinikum Freiburg, Albertstrasse 19, 79104 Freiburg 
Germany, lassmann@ukl.uni-freiburg.de 

Cytokeratin 20 (CK20) is an epithelial protein expressed almost exclusively in the 
gastrointestinal (GI) tract and is widely used as immunohistochemical marker for routine 
diagnosis. In contrast, CK20 gene expression is not an established marker for the 
classification of rumours and the detection of disseminated cancer cells in colorectal 
cancer. Recently, real-time reverse transcriptase polymerase chain reaction (RT-PCR) has 
provided the means for reproducible and quantitative investigation of molecular markers. 
This report directly compares CK20 mRNA and protein expression in serial sections of 
archival, formalin-fixed, paraffin-embedded (FFPE) colorectal adenocarcinomas. CK20 
expression was detected by immunohistochemistry (IHC) in 60/63 (95.2%) cases by 
conventional RT-PCR in 58/60 (96.7%) and by quantitative RT-PCR using the 
LightCycler (LightCycler is a trademark of a Member of the Roche Group) System in 
29/32 (90.6%) microdissected cases, one case yielding variable results. Despite the high 
detection rate of all three techniques, marked heterogeneity of CK20 expression was seen 
between different cases and also within individual cases. CK20 expression profiles were 
not related to particular histopathologic! features of the tumours. A good correlation (r = 
0.8964) was found between CK20 mRNA and protein expression by comparing 
quantitative RT-PCR with IHC in 32 cases. This was also true for selected heterogeneous 
tumour cells within individual cases. Both RT-PCR and IHC are therefore valuable tools 
for CK20 detection in colorectal adenocarcinoma, with real-time RT-PCR providing 
supplementary quantitative information. This suggests a promising supportive role for 
quantitative RT-PCR in molecular pathology. Copyright 2002 John Wiley & Sons, Ltd. 
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Enhanced expressions of aracliidonic acid-sensitive tandem-pore domain 
potassmm chanuels in rat experimental acute cerebral ischemia. 

LLZB, ZhangHX, LULL, WangXL. 

Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union 
Medical College, Beijing 100050, China. 

To further explore the pathophysiological significance of arachidonic acid-sensitive 
potassium channels, RT-PCR and Western blot analysis were used to investigate the 
expression changes of TREK channels in cortex and hippocampus in rat experimental 
acute cerebral ischemia in this study. Results showed that TREK-1 and TRAAK mRNA 
in cortex TREK-1 and TREK-2 mRNA in hippocampus showed significant increases 2 h 
after middle cerebral artery occlusion (MCAO). While the mRNA expression levels of 
the all three channel subtypes increased significandy 24 h after MCAO in cortex and 
hippocampus^At the same time, the protein expressions of all the three channel proteins 
showed significant increase 24 h after MCAO in cortex and hippocampus, but only 
TREK-1 showed increased expression 2 h after MCAO in cortex and hippocampus 
Immunohis tochemical experiments verified that all the three channel proteins had higher 
expression levels in cortical and hippocampal neurons 24 h after MCAO. These results 
suggested a strong correlation between TREK channels and acute cerebral ischemia. 
^ channels nught provide a neuroprotective mechanism in the pathological process. 

PMDO: 1 56525 17 [PubMed - indexed for MEDLINE] 
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Retinal precouditioniag and the induction of heat-shock protein 27. 
UY, Roth S . Laser M. Ma JX . Crosson CE . 

L^o^T9^U h SA a,In0l0gy, MCdiCal UniVerS,ty ° f S ° Uth Car ° lina ' Charlest0 ». South 

PURPOSE: Brief periods of ischemia have been shown to protect the retina from 
potential y damaging periods of ischemia. This phenomenon has been termed ischemic 
precondrtrnmng or ischemic tolerance. In the present study the cellular changes in levels 
of heat shock protein (Hs P )27, -70, and -90 mRNA and expression of Hsp in the rat retina 
associated with ischemic preconditioning were evaluated. METHODS- Unilateral retinal 
ischemia was created in Long-Evans and Sprague-Dawley rats for 5 minutes. Rats were 

PM? a -° \ d T ' t0 aI1 ° W thC retina to re P erfllse - Retinas were dissected the 

mRNA and protein isolated, and Northern and Western blot analyses conducted to detect 
changes m expression of Hsp27, -70, and -90. Immunohistochemical studies were used to 
identify retinal regions where Hsp changes occurred. Selected animals were subjected to 
a second ischemic event. 60 minutes in duration, to correlate the changes in expression of 
Hsp with functional protection of the retina from ischemic injury. RESULTS - In control 
and sham-treated animals retinal Hsp27, -70, and -90 mRNAs were detectable Five 
hours after retinal preconditioning, levels of Hs P 27 mRNA were elevated above control 
levels, and 24 hours later, mRNA levels increased 200% over basal levels Hsp27 
expression remained elevated for up to 72 hours and then began to return to control 
levels Hsp27 protein levels were increased by 200% over basal levels 24 hours after 
retinal preconditioning, remained at this level for 72 hours, and then returned to control 
levels. In contrast no consistent change in Hsp70 or -90 mRNA or protein levels was 
observed during the course of the study. Immunohistochemical studies demonstrated that 
the increase in expression of Hsp27 was localized to neuronal and non-neuronal cells in 
the. inner layers of the retina : Electroretinography studies demonstrated a strong 
correlation between the protection of retinal function from ischemic injury and the 
expression of Hsp27 r CONCLUSIONS: These results provide evidence that the induction 
of Hsp27 is a gene-spec.fic event associated with ischemic, preconditioning in the retina 
This increase in expression of Hs P 27 occurs in both neuronal and non-neuronal retinal ' 
cells, and appears to be one component of the neuroprotective events induced by 
ischemic preconditioning in the retina. 

PMID: 12601062 [PubMed - indexed for MEDLINE] 
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Increasing expression of tissue plasminogen activator and plasminogen 
actrvator inhibitor type 2 in dog gingival tissues with progressive 
inflammation. 

Lindberg P, Kinnby B, Lecander I Lang NP . Matsson L . 

CenterforOra!HealASci e nces ) MaImoUniv e r S ity ) S-2I42I Malmo, Sweden 
pia.lindberg@od.mah.se 

Urokinase and tissue-type plasminogen activators (u-PA and t-PA) are serine proteases 
tha convert plasminogen ,nto plasmin, which degrades matrix proteins and activate 
meta loprotemases. The PAs are balanced by specific inhibitors (PAI— I and PAI-S 

»^l Pr ^r 0n ° f '""^ ^ PAI " 2 WaS reCent 'y ^nstrated in human gingival 
tissues. The aim now was to investigate the production and localization of t- pfand PAI- 
-2 in j g.ng.val tissues from dogs in three well-defined periodontal conditions; clinically 
healthy gingi va^ chrome gingivitis and an initial stage of ligature-induced loss of 
attachment. At the start of the experiment the gingiva showed clear signs of 
inflammation Clinically healthy gingiva were obtained after 2 1 days period of intense 

Si Chment l °l S ^ indUC6d by ***** ™ bber "gatieTaround the neck of 

some teeth. B.opsies were taken from areas representing the different conditions and 
prepared for in situ hybridation and immunohistochemistry. In clinically healthy 
gingiva both t"PA mRNA and antigen were expressed in a thin outer layer of the sulcular 

mRNA paling and immunostaining for t-PA were stronger in chronic gingivitis. In 
areas wifti loss of attachment. t-PA mRNA as well as antigen were fonndlnfhe sulcular 
and juncuonal ep.theha to a similar degree as in gingivitis. Occasionally the connective 
issue was involved especially in connection with vessels. PAI-2 mRNA was seen in a 
thm outer layer of the sulcular and junctional epithelia in clinically healthy gingiva but 
no signals were seen in connective tissue. PAI-2 antigen was found primarily in the 
outer layer of the sulcular and junctional epithelia. Some cells in the connective tissue 
were stained. In gingivitis, PAI-2 signals were mainly found in the same locations but 
more intense and extending towards the connective tissue. Immunostaining was seen „, 
the outer half of the sulcular and junctional epithelia as well as in the upper part of tie 
connective tissue, close to the sulcular epithelium. In sites with loss of attachment J>M- 
2 mRNA was found throughout the sulcular and junctional epithelia, as was the an^eo 

founder 7 enSdy n N ° PAI - 2 mRNA W3S — » — tive *■*>= Si 

?A tlf^l' eSPCCia " y VCSSe,S - THiS Study 3h0WS ** the ™P™™n of to th t- 
PA and PAI-2 increases with experimental gingival inflammation in the dog and 

furthermore, the two techniques demonstrate a strong correlation between the 
topographical distribution of the site of protein synthesis and the tissue location of the 
anugens for both t-PA and PAI-2. The d,stribution correlates well with previous 
findings in humans. F 
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Effect of duration of Fixation on quantitative reverse transcription 
polymerase chain reaction analyses. 

Macabeo-OngM , GmzingcrDG, DekkerN. McMillan A . Regezi JA Wong DT 
Jordan RC . ' ' 

Oral Pathology, Department of Stomatology, University of California San Francisco 
California 94143-0424, USA. 

Increasingly, there is the need to analyze gene expression in tumor tissues and correlate 
these findings with clinical outcome. Because there are few tissue banks containing 
enough frozen material suitable for large-scale genetic analyses, methods to isolate and 
quantify messenger RNA (mRNA) from formalin-fixed, paraffin-embedded tissue 
sections are needed. Recovery of RNA from routinely processed biopsies and 
quantification by the polymerase chain reaction (PCR) has been reported; however the 
effects of foimahn fixation have not been well studied. We used a proteinase K-sal't 
precipitation RNA isolation protocol followed by TaqMan quantitative PCR to compare 
the effect of formalin fixation for 24, 48, and 72 hours and for 1 week in normal (2), oral 
epithelial dysplasia (3), and oral squamous cell carcinoma (4) specimens yielding 9 fresh 
and 36 formalin-fixed samples. We also compared mRNA and protein expression levels 
using lmmunohistochemistry for epidermal growth factor receptor (EGFR), matrix 
metalloproteinase (MMP)-l, P 21, and vascular endothelial growth factor (VEGF) in 15 
randomly selected and routinely processed oral carcinomas. We were able to extract 
RNA suitable for quantitative reverse transcription (RT) from all fresh (9/9) and 
formalin-fixed (36/36) specimens fixed for differing lengths of time and from all (15/15) 
randomly selected oral squamous cell carcinoma. We found that prolonged formalin 
fixation (>48 h) had a detrimental effect on quantitative RT polymerase chain reaction 
results that was most marked for MMP-1 and VEGF but less evident for p21 and EGFR 
Comparisons of quantitative RT polymerase chain reaction and immunohistochemistry 
showed that for all markers, except p21 , there was good correlation between mRNA and 
protein levels. p2I mRNA was overexpressed in only one case, but protein levels were 
elevated in all but one tumor, consistent with the established translational regulation of 
p21. These results show that RNA can be reliably isolated from formalin-fixed, paraffin- 
embedded tissue sections and can produce reliable quantitative RT-PCR data However 
results for some markers are adversely affected by prolonged formalin fixation times. 

PMID: 12218216 [PubMed - indexed for MEDLINE] 
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We hm previously reported lire construction of a constitutively aoti™ luteinizing 
hormone receptor by covalently linking a fused heterodimerie hormone tote 

SS« XTwTs ?„u „d?„ Pn> ?"Tr ™ S ^onteoeptor 
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it was found that YHR expression was greatly reduced. Herein we describe the 
developrnent of clonal lines of HEK 293 cells in which the expression oTS is under 
the control of a tefracychne-regulated system. Characterization of clonal line, ^ retealea 
Ugh control of YHR expression both by dose and time of incubation ^^^1 
These expenments demonstrated a good corr elation between expression level/Si 
receptor and basal cAMP production. Moreover, the KdJ^g^*^,^ 
fo lowmg doxycyclme removal revealed that YHR mRNA and protein IcS sTmi.ar 
rates, again suggestmg a strong linkage between mRNA and protein levelsTe 

Zf£ »T ^ Pr ° Pe ? eS f S ° Ciated With ^^tive receptor activation and may pTve 
to be advantageous m developmental studies with transgenic animals. 

PM1D: 14766006 fPubMed - indexed for MEDLINE] 
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Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in 
human membranous nephropathy. 

Mezzano SA, Droguett MA , Burgos ME. Ardiles LG. Aros CA, gaorsij Esl^ll 

Division of Nephrology, School of Medicine, Universidad Austral, Valdivia, Chile. 
smezzano@uach.cl 

Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in human 
membranous nephropathy BACKGROUND: Proteinuria plays a central role in the 
progression of glomerular disease, and there is growing evidence suggesting that it may 
determine tubular cell activation with release of chemokines and fibrogenic factors, 
leading to interstitial inflammatory reaction. However, most studies on this subjecthave 
been performed in experimental models, and the experience in human kidney biopsies 
has been scarce. We analyzed the tissue sections of patients with idiopathic membranous 
nephropathy (IMN), a noninflammatory glomerular disease that may follow a progressive 
disease with heavy persistent proteinuria, interstitial cell infiltration, and decline of renal 
function. METHODS: Paraffin-embedded biopsy specimens from 25 patients with IMN 
(13 progressive and 12 nonprogressive) were retrospectively studied by 
immunohistochemistry [monocyte chemoattractant protein- 1 (MCP-1), regulated on 
activation normal T-cell expressed and secreted chemokine (RANTES), osteopontin 
(OPN), platelet-derived growth factor-BB (PD-GF-BB)] and in situ hybridization [MCP- 
I, RANTES, PDGF-BB, transforming growth factor-betal (TGF-betal.)]. Moreover, we 
studied the presence of myofibroblasts, which were identified by the expression of alpha- 
smooth muscle actin (alpha-SMA), the monocytes/macrophages (CD68-positive cells), 
and T-cell infiltration (CD4+ and CD8+ cells). All of the patients were nephrotic and ' 
without treatment at time of the biopsy. RESULTS: A strong up-regulation of MCP-1 , 
RANTES, and OPN expression was observed, mainly in tubular epithelial cells, with a 
significant major intensity in the progressive IMN patients, A strong correlation between 
the mRNA expression and the corresponding protein was noted. The presence of these 
chemokines and OPN was associated with interstitial cell infiltration. TGF-beta and 
PDGF were also up-regulated, mainly in tubular epithelial cells, with a stronger 
expression in the progressive IMN, and an association with the presence of 
myofibroblasts was found. CONCLUSIONS: Patients with severe proteinuria and 
progressive IMN have an overexpression in tubular epithelial cells of the chemokines 
MCP-1, RANTES, and OPN and the profibrogenic cytokines PDGF-BB and TGF-beta. 
Because this up-regulation was associated with an interstitial accumulation of 
mononuclear cells and an increase in myofibroblastic activity, it is suggested that those 
mediators are potential predictors of progression in IMN. Finally, based on experimental 
data and the findings of this article, we speculate that severe proteinuria is the main factor 
responsible for the up-regulation of these factors in tubular epithelial cells. 
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Decreased uncoupling protein expression and intramyocytic triglyceride 
depletion in formerly obese subjects. 

fetituto di Clinica Medica and. Clinica Chirurgica and Centre CNR Fisiopatologia Shock 
Umversita Cattolica S Cuore, Rome, Italy. gmingrone@rm.unicatLit ' 

a^ CTIVE: T ° 6Xamine thC mUSCU,ar uncou P Iin g Protein expression 2 (UCP2) and 

g^e expression rn morbid obese subjects before and after bariatric surfiery fbilio 
pancreahcd^ersionCBPD)]. RES EARCff METHODS AND PROCED^ReI Seven 
obese subjects (BMI = 49 +/- 2 kg/m(2)) were studied before BPD and 1 24 S ^ after 
BPD. Skeletal muscle UCP2 and UCP3 mRNA was measured using reversT 
fransenptase-competitive polymerase chain reaction and UCP3 protein by Western 
Womng Intramyocyt.c triglycerides were quantified by high-performance liquid 
chromatography. Twenty-four-hour energy expenditure and respiratory quotient (RQ) 
were measured m a respiratory chamber. RESULTS: After BPD, the average weSt oss 

roT°T«tl y , 3 o 1 NOnpr0te,n RQ W3S inCreaSed in «* P° s ^ese subSt 73 
H " 0 Z r^nl^o 2 ' P T ° °° ' } - 7,16 intram yocytic triglyceride level dropped (3 66 

UC?2 and VCK n^A^ 00 "5 ° f ^* P < ^ after BPD " 4-in of 
r . u -r WaS s ® uficM «y reduced (from 35.9 +/- 6. 1 % to 18 6 +/- 4 5% 

of cydophdm, p = 0.02; from 60.2 +/- 14.0% to 33.4 +/ - 8.5%, P = 0.03; ^ectiveM 
UCP3 ^otem content was also significantly reduced (272.19 +/- 84.13 vs. 175 78 +/- 

levels to 0 P 00?W' "fSf regreSSi ° n ""^ (R(2) ~ °- 90) sh ° Wed ^ ^ 

S * ~ t ^?n eRted the mOSt powerfil1 independent variable for predicting 
UCP3 vaaat.cn. DISCUSSION: The strong correlation of UCP expression^ decrease 
m IMTG levels suggests that triglyceride content plays an even more important roleTn 

aStS^ 
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Urokinase-mediated posttranscriptional regulation of urokinase-receptor 
expression ia non small cell lung carcinoma. 

Montuori N , Mattiello A, Mancim A, Taglialatela P. Caputi M Rossi G . Ragno P . 

Istitato di Endocrinologia ed Oncologia Sperimentate, Consiglio Nazionale deile 
Ricerche, Naples, Italy. 

The urokinase-type plasminogen activator (uPA) and its cellular receptor (uPAR) are 
involved in the proteolytic cascade required for tumor cell dissemination and metastasis, 
and are highly expressed in many human tumors. We have recently reported that uPA, 
independently of its enzymatic activity, is able to increase the expression of its own 
receptor in uPAR-transfected kidney cells at a posttranscriptional level. In fact, uPA, 
upon binding uPAR, modulates the activity and/or the level of a mRNA-stabilizing factor 
that binds the coding region of uPAR-mRNA. We now investigate the relevance of uPA- 
mediated posttranscriptional regulation of uPAR expression in npn small cell lung 
carcinoma (NSCLC), in which the up-regulation of uPAR expression is a prognostic 
marker. We show that uPA is able to increase uPAR expression, both at protein and 
mRNA levels, in primary cell cultures obtained from tumor and adjacent normal lung 
tissues of patients affected by NSCLC, thus suggesting that the enzyme can exert its 
effect in lung cells. We investigated the relationship among the levels of uPA, uPAR and 
uPAR-mRNA binding protein(s) in NSCLC. Lung tissue analysis of 35 NSCLC patients 
shows an increase of both uPA and uPAR in tumor tissues, as compared to adjacent 
normal tissues, in 27 patients (77%); 19 of these 27 patients also show a parallel increase 
of the level and/or binding activity of a cellular protein capable of binding the coding 
region of uPAR-mRNA. Therefore, in tumor tissues, a strong correlation is observed 
among these 3 parameters, uPA, uPAR and the level and/or the activity of a.uPAR- 
mRJMA binding protein. We then suggest that uP A regulates uPAR expression in NSCLC ' 
at a posttranscriptional level by increasing uPAR-stability through a cellular factor that 
binds the coding region of uPAR-mRNA. Copyright 2003 Wiley-Liss, Inc. 
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DNA hypermethylation is a mechanism for loss of expression of the HLA 
class I genes in human esophageal squamous cell carcinomas. 

NjeY, YangG, Song_Y, ZfaaoX, SoC, Liao J, Wang LP. Yang Cg 

Laboratory for Cancer Research, College of Pharmacy, Rutgers-The State University of 
New Jersey, 164 Frelinghuysen Road, Piscataway, NJ 08854-8020, USA. 

The three human leukocyte antigen (HLA) class I antigens, HLA-A, HLAtB and HLA-C 
play important roles in the elimination of transformed cells by cytotoxic T cells Frequent 
loss of expression of these antigens at the cell surface has been observed in many human 
cancers. Vanous mechanisms for post-transcriptional regulation have been proposed and 
tested but the molecular mechanisms for transcriptional regulation are not clear. We show 
by immunohistochemistry that the HLA class I antigens are absent in 26 of 29 (89%) 
samples of human esophageal squamous cell carcinomas (ESCC). Eleven of the 26 ESCC 
samples lost mRNA expression for at least one of the HLA genes, as shown by RT-PCR 
DNA from the 29 pairs of ESCC and neighboring normal epithelium were examined for 
CpG island hypermethylation, homozygous deletion, microsatellite instability (MSI) and 
loss of heterozygosity (LOH). DNA from normal epithelial tissues had no detectable 
methylation of the CpG islands of any of these gene loci. Thirteen of 29 ESCC samples 
(45%) exlubited methylation of one or more of the three HLA loci and six samples (21%) 
exhibited methylation of all three loci. The HLA-B gene locus was most frequently 
methylated (38%). HLA-B mRNA expression in an ESCC cell line, where HLA-B was 
hypermethylated and did not express mRNA, was activated after treatment with 5-aza^2'- 
deoxycytidine. Homozygous deletion of these three gene loci was not observed. 
Relatively low rates of LOH and MSI were observed for the microsatellite markers 
D6S306, D6S258, D6S273 and D6S1666, close to the HLA-A, -B and -C loci, although a 
high ratio of LOH was observed at a nearby locus (represented by the markers D6S 1 05 1 
and D6S1560), where the tumor suppressor gene p21(Wa.fl) resides. A strong correlation 
between genetic alterations and mRNA inactivation was observed in the ESCC samples. 
Our results indicate that HLA class I gene expression was frequently down-regulated in 
ESCC at both the protein and mRNA levels and that hypermethylation of the promoter 
regions of the HLA-A, -B and -C genes is a major mechanism of transcriptional 
inactivation. 



PMED 11 577000 [PubMed - indexed for MEDLINE] 



95: Hum Pathol. 2003 Jul;34(7):639-45. 



Related Articles, Links 
Comment in: 

• Hum Pathol. 2001 Juj^ 4(7^635-8, 



NaafenLiG. jaiesrimC, FasaniR, Maja^, c^, ParanorMA Bosaris 

nonnal tissues and <!<:« f™TT?? HER2/„eu transcnpts were detected in all 

,vTIh„™ Z , ° f 1 3 sarcoma s (3 1 %) demonstrated HER2/neu mRHA 

overeitprcssion. Both membranous and cytoplasmic patterns of irrmrunostainina wcrp 
PMID: 12874758 [PubMed - indexed for MEDLINE] 





This material 



lal may be protected by Copyright law (Title 17 U.S. Code) j 



Original Contributions 



Molecular and Immunohistochemica! 
Analysis of HER2/neu Oncogene in Synovial 
Sarcoma 

PAOLO GIOVANNI NUCIFORO, MD, CATERINA PELLEGRINI PhD 
ROBERTA FASANI, MD, MARCO MAGGIONI MD PhD, 
GUIDO COGGl MD, ANTONINA PARAFIORITI MD 
AND SILVANO BOSARI, MD 



Amplification and/or over expression of HER2/neu bave been 
documented in many types of epithelial tumor and recently has been 
reported in sarcomas, particularly in osteosarcomas. But the role of 
HER2/neu alterations in soft tissue tumors remains poorly under^ 
stood. Thus the present study investigates the expression of HER2/ 
neu in 1J patients with synovial sarcoma (SS). m this study, HER?/ 
neu mRNA levels were measured In frozen tissue samples using a 
realtime reverse rranscriprJon-polym erase chain reaction assaf pro- 
ley, expression was assessed by immunphi^bemistry using an anti- 
HER2/neu polyclonal antibody. Six normal skeletal muscle specie 
mens were used to establish basal levels of HER2/neu nJW^ 
HER2/neu transcripts were detected in all normal tissues and SSs. 
Four of 13 sarcomas (31%) demonstrated HER2/neu mRNA levels 
above the mean value, whereas 3 tumors (23%) displayed HER2/neu 
protem overexpression. Both membranous and cytoplasmic portems 
of mnnunostaining were observed, and a strong correlarfon was 

Synovial sarcoma (SS) is an aggressive soft tissue 
tumor that accounts for up to 10% of sarcomas, with a 
pealc incidence in adolescents and young adults This 
tumor occurs m 2 major forms, bjphasic and monopha- 
iftv^ l \\\ c y lo ^ tic ^y characterized by the t(X; 
lBKpll-qll) translocation, found in >95% of cases 
Although traditionally considered to be a high-grade 
neoplasm, recent investigations have suggested that dif- 
ferent factors influence prognosis, including morpho- 
logical and cytogenetic features, treatment strategies 
the ploidy status, and the apoptotic index 1 

The development of new therapeutic advancements 
such as the specific targeting of molecular alterations' 
present m human malignancies, has brought to light the 
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found between protein expression and mRNA level (J> = 0 01, 
Increased Hm/ne« mRNA levels were significantly associated with 
a lower risk of developing recurrences (P = 0.02). Moreover, none of 
* C P at,mtS ~* HER2/„eu overexpression developed metastasis. 
Our data demonstrate that HER2/neu is expressed in SSs and thai 
both membrane and cytoplasmic H£R2/neu expression correlate 
wrth -RNAleveh, Our results show that the pr^Tof 
levels of HER2/neu in SSs is associated with a more favorable cl3 
course. Further studies are needed to assess the role of this oncogene 
in SSs and to evaluate the application of inhibitory humanized mono- 
clone annbocbes m the treatment regimens for Utis malignancy 

£Xb M S 5 * • 2003 ^ ™ ^ 

^%Z^!y 2/ ™> W ™-^eRT-PCR,im- 

^vJit!!?^^ ^ ft"»™ct»ct in rim Ayl^nhVn, RTPCR, 
reverse transcnptH>n^rymerase chain reaction, SS, synovial sarcoma. 

need to identify not only prognostic factors, but also 
tumor features that axe predictive of response to therapy. 
One of the most extensively studied molecular 

^ Se urno herapy iS HER " 2 /neu protooncogene. 
lne HEK-2/neu oncogene (also known as c-^rbB-2) 
located on chromosome 37q2l, is a member of the 
tyrosine kinase receptor family and encodes for a 185- 
kilodahon protein that shows 50% homology with the 
epidermal growth factor receptor.*- 3 This gene is am- 
plified and/or overex pressed in "20% to 30% of breast 
carcinomas » and in various other tumors, 6 and usually 
is associated with tumor aggressiveness and poor prog- 
nosis. • Several studies have supported the value of 
HER-2/neu to predict the response to chemotherapy in 
breast cancer and the use of recombinant humanized 
antibodies to HER-2/neu protein (Trastuiuinab) in the 
care of patients with advanced, metastatic breast tumors 
has been approved. 

The role of HER-2/neu activation in soft tissue 
tumors remains poorly understood, and scarce molec- 
ular data backing immunohisiochemical studies have 
been reported. HER-2/neu protein expression was im- 
inunohistocbemically studied in 20-1 sarcomas, includ- 
ing 6 SSs, and overexpression was absent in all these 
malignant mesenchymal neoplasms. 10 

Recently, HER-2/neu alterations have been de- 
scribed m osteosarcoma, with a high incidence of pro- 
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RT-PCR were purchased from Applied Biosysiems (Foster 
City, CA). 

Primers ond Probes 

PrimeTs and probes for £-actin aDd HER2/neu mRNA 
were chosen using the computer program Primer Express 
(Applied Biosystems). Sequences of the forward primer for 
HER2/neu mRNA (CenBank accession number X03363) 
were 5'-TCC TGT GTG GAC CTG GAT CAC-3' and the 
reverse primer 5'-CCA AAG ACC ACC CCC AAG A-3'; the 
sequence of the TaqMan probe was 5'(FAM)-ACC AGA ATG 
CCA ACC ACC GCA GA-(TAMRA)-3'. Sequences of the for- 
ward primer for £-actm mRNA (GenBank accession number 
X00351) were 5TCC TTC CTG GCC ATG GAG-3' and the 
reverse primer 5'-ACG AGG AGC AAT GAT CTT GAT CTT- 
3'; the sequence of the TaqMan probe was5'(FAM)-CCTGTG 
GCA TCC ACG AAA CTA CCT TC(TAMRA)3\ Probes were 
purchased from Applied Biosystems. 

Reor-Time RT-PCR 

To measure HER2/ neu expression in these tumors we 
used a real-time quantitative RT-PCR based on TaqMan meth- 
odology, as previously described, 17 with minor modifications. 
Briefly, this technique allows, by means of fluorescence emis- 
sion, to find the cycling point when PCR product is detectable 
(Ct value or threshold cycle). As previously reported, the Ct 
value correlates to the starting quantity of the target mRNA. ia 
To normalize the amount of total RNA present in each reac- 
tion, we amplified the housekeeping gene /^actin, which is 
assumed to be constant in both normal samples and tumor 
tissues. 

Our results are expressed as relative levels of HER2/neu 
mRNA, referred to a sample, called a 'calibrator," chosen to 
represent IX expression of this gene. The calibrator was a 
breast cancer cellular line (MCF-7) 19 that was analyzed on 
every assay plate with the unknown samples. All of the ana- 
lyzed rumors expressed n-fold HER2/neu mRNA relative to 
the calibrator. 

The amount of target, normalized to an endogenous 
reference (0-actin) and relative to the calibrator, was defined 
by the AACt method as described, by Livak K (Sequence 
Detector User Bulletin 2; Applied Biosysiems). Specifically, 
the formula is applied as follows: 

target amount = 2"^°' 

where AA C. = {|Ci (HER2/neu sample) - Ct (/3-actin 
sample)] - [Ct (HER2/neu calibrator) - Ct (^acrin calibra- 
tor))!. 

Immunohistochemistry 

Formalin -fixed, paraffin-embedded tissue sections were 
deparaffinized, rehydrated, and exposed io the primary anri- 
body using the En Vision + sysiem (Dako, Carpinieria, CA). 
Primary ami-HER-2/neu antibody (rabbii polyclonal ami- 
body, catalog number A0485; Dako) was applied in a dilution 
of 1:2000 for 60 minutes ai room lemperarure. Before espo 
sure to the primary antibody, sections were mioowave-pre- 
treaied in EDI A, pH S.O. to retrieve antigenicity, and incu- 
bated with endogenous peroxidase- bloc king solurion for 10 
minutes at room icmperarure. Posirive control, constituted by 
a breast carcinoma showing more than 80% positive staining 
for HER2/neu, as well as negaove conrrol, in which the 
primary anribody was omitted, were stained in parallel. 
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FIGURE 1. Distnbution of HER2/neu mRNA levels" in normal 
muscle tissues, and in low- and high-expression sarcomas. 
Data oie expressed as mean and standard error of the mean 
for each group. 



All cases were examined for both cytoplasmic and mem- 
brane immunoreactivity. Cytoplasmic staining was evaluated 
on a semiquantitarive scale, according to Kilpairic* et al with 
minor modifications, 50 and reported as 0 (no staining or 
staining in <10% of cells), 1+ (weak staining in >10% of 
cells), 2+ (moderate staining in >10% of cells), or 3+ 
(strong staining in >10% of celb). The presence of a mem- 
branous pattern of staining was recorded separately and 
scored as absent, (no staining or weak staining in <10% of 
cells) or present (complete and/br incomplete staining in 
>10% of cells). Tumors with a cytoplasmic scotc of 3+ were 
considered to have high HER-2/neu protein expression. 

Statistical Analysis 

Statistical differences were calculated by Fisher's exact 
test. The Atest method was used to evaluate the differences 
between groups. Differences were considered statistically sig- 
nificant when P was <0.05. 



RESULTS 

HER2/neu mRNA Evoluotion 

All of the tissues analyzed contained detectable 
)eve)s of H£K2-nev mJWA. Six norma) tissue samples 
(skeletal muscle) were used to establish basal level of 
HER2/neu mRNA. AH the normal samples expressed 
very low levels of H£R2/neu mRNA, ranging from 0.9 
to 1.9 n (mean, 1.4 n). Among the 13 tumor samples, 
HER2/neu levels varied greatly, ranging from 2.1 to 
24 n. Setting a cutoff level at 7.9 n (a value that repre- 
sents the mean value of expression distribution of the 
SSs), 9 cases (69%) had low HER2/neu expression and 
4 cases (31%) had high HER2/ncu expression (Fig 1; 
Table 1). The difference between the 2 groups (low 
nnd high HXR2/neu tumors) was statistically significant 
(P= 0.0004). 
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TABLE 2. Correlation Between Clinicopathobgic 
Features and HER2/neu Expression as Detected by 
IHC and RT-PCR 



HER2/r 



IHC 



PCR 



vanaoic 




H 


P value 

i 


L 

t 


H 


lvalue 


■ 

Age (years) 














<40 


3 


3 




3 


3 




>40 


7 


0 


- NS 


6 


1 


NS 


Sex 












Female 


8 


0 




7 


1 




Male 


2 


,3 


0.03 


2 


3 


NS 


Tumor size (cm) 










<5 


3 


2 




3 


2 




>5 


7 


1 


NS 


6 


2 


NS 


Histological grade 












11 


3 ■ 


0 




3 


0 




«1 . 


7 


3 


NS 


6 


4 


MS . 


Histological type 












MF 


5 


1 




5 


1 




BF 


•2 


1 




2 


1 




PD 


3 


1 


NS 


2 


2 


NS 


Chcra o/Radiotherapy* 












Yes 


4 


2 




3 


3 




No 


5 


1 


NS 


5 


1 


NS 


Recurrence! 












Yes 


5 


0 




5 


0 




No 


2 


3 


NS 


1 


4 


0.02 


Mctastasisf 












Yes 


3 


0 




3 


0 




No 


4 


3 


NS 


3 


4 


NS 



Abbreviations: L, low expression; H, high expression; NS, not 
significant; MF, monophasic fibrous; BF, biphasic; PD, poorly differ- 
entiated (including MF and BF with poorly differentiated areas). 
*Informau'on not available for case 7. 
tCases 7, 12. and 33 were excluded from the analysis. 

clinicopathologic features, including local recurrence 
and metastatic disease. Two cases (cases 1 2 and 1 3) with 
follow-up less than 12 months and 1 case (case 7) for 
which clinical information was not available were ex- 
cluded from the analysis of recurrences and metastatic 
behavior. 

No correlation was observed between H£R2/neu 
mRNA expression and age, sex, tumor size, tumor 
grade, histotype, and metastasis. A correlation between 
sex of the patients and HER2/neu protein expression 
was found. In fact, none or the remale patients showed 
high HER2/neu protein expression [P = 0.05). Pa- 
tients with high Her2/neu mRNA levels had a lower 
risk of recurrence ■ than those with low Her2/neu 
mRNA levels {P = 0.02). None of the cases with high 
HER2/neu mRNA levels developed metastatic foci, al- 
though the small number of observations precluded 
reaching statistical significance {P = 0.1). Results are 
detailed in Table 2. 



DISCUSSION 

The present work provides the first combined mo- 
lecular by real-time RT-PCR and immunohistochemical 
evidence that HER2/neu over expression occurs in SSs. 



Our results indicate that this parameter may provide 
prognostic information and suggest that a specific ther- 
apy with humanized monoclonal antibodies against 
HER2/neu may be considered in a significant number 
of SSs. 

The HER2/neu oncogene has been extensively " 
investigated as.a prognostic factor and more recently as 
a predictor of response to therapy. It has been demon 
strated in breast cancer, where HER2/neu overexpres- 
sion is usually associated with gene amplification, 2 ^and 
in other epithelial tumors, including ovarian, gastric, 
lung, and urinary bladder carcinomas. 

HER-2/neu amplification/ overexpression appears 
to be an early event in oncogenic transformation by 
interacting with other members of the HER family. 3 In 
breast cancer, it is involved in cdl cycle and apoptotic 
pathways through the antiapoptotic effects mediated by 
p53 and p21 deregulation/ 2 - 5 . 

Whether HER2/neu overexpression plays an im- 
portant role in mesenchymal neoplasms rernains con- 
troversial. An irnmunohistochemical study of sarcomas 
using a monoclonal antibody, reported no evidence of 
immunoreactivity for HER-2/neu in 6 SSs as well as in 
other 197 mesenchymal tumors, with cytoplasmic reac- 
tivity observed only in 1 case of peripheral neuroepi- 
thelioma. A recent investigation reported gene ex- 
pression profiles of 41 soft tissue tumors with cDNA 
microarray analysis. Among these sarcomas, 6 
monophasic SSs were characterized by a unique expres- 
sion pattern of a cluster of 104 genes, including the 
epidermal growth factor receptor, which shows 50% 
homology with the HER2/ neu gene. 24 These data also 
suggest that the erb-B receptor family plays a significant 
role in SS. It has been demonstrated that a variable 
number of osteosarcomas overexpress HER2/neu. n ~ 15 
However, more recent studies 20 '^ 5 ' 26 were unable to 
detect any HER2/neu gene amplification and/or over- 
expression using fluorescence in situ hybridization 
(FISH), RT PCR, and 

immunohistocherriisiry. 
Differences in the techniques used may play an 
important role and explain (at least in part) these 
discrepancies. HER2/ neu alterations can be evaluated 
using different techniques inxluding immunohisto- 
chemistry, FISH, Southern hybridization, Northern 
blot, and competitive, differential, or real-ume PCR. 27 
Irrumunohistochemistry is the most common method 
for detection of HER2/neu overexpression, but it is 
significandy affected by the sensitivity and specificity of 
the antibodies used, ihe type of tissue (frozen versus 
formalin-fixed), and the various interpretative criteria 
and scoring systems used to evaluate cases. Indeed, 
most studies of HER2/neu expression in osteosarcoma 
used immunohistochemical techniques, with different 
monoclonal or polyclonal antibodies. The discrepancy 
in results may stem from the use of different antibodies, 
as well as a lack of standardized evaluation. 

For these reasons, to evaluate HER2/neu immu- 
noreactivity in our study, we used a polyclonal antibody 
(Dako, Carpinteria, CA), arguably the most diffuse and 
thoroughly icsted antibody for H£R2/neu assessment. 
Furthermore, we investigated HER2/neu mRNA ex- 
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Expression of bcr-abl mRNA in individual chronic myelogenous leukaemia 
cells as determined by in situ amplification. 

Pachmann K , Zhao S , Schcnk T , Kancarjian H . El-Naggar AfC Siciliano MX Quo 
JQ, Arlinghaus RB , Andreeff M . 

The University of Texas M.D. Anderson Cancer Center, Department of Molecular 
Haematology and Therapy, 1515 Holcombe Boulevard, Houston, TX 77030, USA. 

We present the results of a novel method developed for evaluation of in situ 
amplification, a molecular genetic method at the cellular level. Reverse transcription 
polymerase chain reaction (RT-PCR) was used to study bcr-abl transcript levels in 
individual cells from patients with chronic myelogenous leukaemia (CML). After 
hybridizing a fluorochrome-labelled probe to the cell-bound RT-PCR product, bcr-abl 
raRNA-positive cells were determined using image analysis. A dilution series of bcr-abl- 
positive BV 173 into normal cells showed a good correlation between expected and actual 
values. In 25 CML samples, the percentage of in situ PCR-positive cells showed an 
excellent correlation with cytogenetic results (r = 0.94, P < 0.000 1), interphase 
fluorescence in situ hybridization (FISH) (r = 0.95, P « 0.001) and hypermetaphase FISH 
(r - 0.8 1 , P < 0.001). The fluorescence intensity was higher in residual CML cells after 
interferon (IFN) treatment than in newly diagnosed patients (P - 0.004), and was highest 
in late-stage CML resistant to IFN therapy and lowest in CML blast crisis (P = 0.001). 
Mean fluorescence values correlated with bcr-abl protein levels, as determined by 
Western blot analysis (r = 0.62). Laser scanning cytometry allowing automated analysis 
of large numbers of cells confirmed the results. Thus, fluorescence in situ PGR provides a 
novel and quantitative approach for monitoring tumour load and bcr-abl transcript levels 
in CML. 
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Correlative iinuuiuouistochemical and reverse transcriptase polymerase 
chain reaction aualysis of somatostatin receptor type 2 in neuroendocrine 
tumors of the lung. 

Papotti M , Croce S , Macri L , Funaro A, Pccchtoni C, Schindlcr M , Bussolati G . 

Department of Biomedical Sciences and Oncology, University of Turin, Italy. 

Somatostatin receptors type 2 (sst2) have been frequently detected in neuroendocrine 
rumors and bind somatostatin analogues, such as octreotide, with high affinity. Receptor 
autoradiography, specific mRNA detection and, more recently, antisst2 polyclonal 
antibodies are currently employed to reveal sst2. The aim of the present study was to 
investigate by three different techniques the presence of sst2 in a series of 26 
neuroendocrine tumors of the lung in which fresh frozen tissue and paraffin sections were 
available. It was possible, therefore, to compare, in individual cases, RNA analysis 
studied by reverse transcriptase polymerase chain reaction (RT-PCR), in situ 
hybridization (ISH), and immunohistochemistry. A series of 20 nonneuroendocriue lung 
carcinoma samples served as controls. RT-PCR was positive for sst2 in 22 of 26 samples, 
including 15 of 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 small-cell 
carcinomas. The sst2 mRNA signal obtained by RT-PCR was strong in the majority 
(87%) of typical carcinoids and of variable intensity in atypical carcinoids and small-cell 
carcinomas. A weakly positive signal was observed in 5 of 20 control samples. In 
immunoliistochemistry, two different antibodies (ariti-sst2) were employed, including a 
monoclonal antibody, generated in die Department of Pathology, University of Turin. In 
the majority of samples a good correlation between sst2 mRNA (as detected by RT-PCR) 
and sst2 protein expression (as detected by immunohistochemistry) was observed. 
However, one atypical carcinoid and one small-cell carcinoma had focal immunostaining 
but no RT-PCR signal. ISH performed in selected samples paralleled the results obtained 
with the other techniques. A low sst2 expression was associated with high grade 
neuroendocrine tumors and with aggressive behavior. It is concluded that I) 
neuroendocrine tumors of the lung express sst2, and there is a correlation between the 
mRNA amount and the degree of differentiation; 2) immunohistochemistry and ISH are 
reliable tools to demonstrate sst2 in these tumors; and 3) sst2 identification in tissue 
sections may provide information on the diagnostic or therapeutic usefulness of 
somatostatin analogues in individual patients with neuroendocrine tumors. 
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Correlative Immunohistochemjcal and Reverse 
Transcriptase Polymerase Chain Reaction Analysis of 
Somatostatin Receptor Type 2 in Neuroendocrine . 
Tumors of the Lung 



Aola Funaro, Ph.D:, Carla Pecchioni, Marcus Schindler, M.D., and 
Gianni Bussolati, M.D., F.R.c.Patk 



■ Somatostatin receptors type 2 (sst2) have been frequently de- 
tected in neuroendocrine tumors and bind somatostatin ana- 
v logues, such 35 octreotide, with high affinity. Receptor autora- 
* diography, specific mRNA detection and, more recently, anti- 
\ sst2 polyclonal antibodies are currendy employed to reveal 
- sst2:The aim of the present study was to investigate by three 
: different techniques the presence of sst2 in a series of 26 neu- 
roendocrine rumors of the lung in which fresh fro2CD tissue and 
paraffin sections were available. It was possible, therefore, to 
compare, in individual cases. RNA analysis studied by reverse 
transcriptase polymerase chain reaction (RT-PCR), iD situ hy- 
bridization (ISH), and rrTUXunohisiochernisrjy. A series of 20 
Donneuroendocrine lung carcinoma samples served as controls. 
RT-PCR was positive for sst2 in 22 of 26 samples, including 15 
of . 15 typical carcinoids* 5 of 6 atypical carcinoids, and 2 of 5 
small-cell carcinomas. Tbe sst2 mRNA signal obtained by RT- 
PCR was strong in the majority (87%) of typical carcinoids and 
of variable intensity in atypical carcinoids and small-cell car- 
cinomas. A weaiJy positive signal was observed in 5 of 20 
control samples. In immunohistochemistry, two different anti- 
bodies (anti-sst2) were employed, including a monoclonal an- 
tibody, generated in the Department of Pathology, University 
of TurinJn the majority of samples a good conelation between 
sst2 mRNA (as delected by RT-PCR) and sst2 piotein expres- 
sion (as detected by immunohisiochemisny) was observed. 
However; one atypical carcinoid and one small-cell carcinoma 
had focal immunostaining but no RT-PCR signal. ISH per- 
formed in selected samples paralleled the results obtained with 
the other techniques. A low sst2 expression was associated with 
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high grade neuroendocrine tumors and with aggressive behav- 
ior. It is concluded that 1) neuroendocrine tumors of the lung 
express sst2, and there is a correlation between the mRNA 
amount and the degree of differentiation; 2) immuDohrstochem- 
istry and ISH are reliable tools to demonstrate sst2 in these 
tumors; and 3) sst2 identification in tissue sections may provide 
information on the diagnostic or therapeutic usefulness of so- 
matostatin analogues in individual patients with neuroendO; 
crine tumors. 

Key Words: Neuroendocrine — Lung — Tumors — Somato- 
statin receptors — Immunohistochemistry— Small cell carci- 
noma — Reverse transcriptase polymerase chain reaction. 

Diagn Mpl Paihol 9(1): 47-57, 2000. 



The somatostatin receptor family (sst) includes at least 
five isoforms that have been recently identifiedand char- 
acterized (18,32,41). The ssts are widely distributed in 
normal human tissues and in human tumors. Sst type 2 is 
more commonly detected in neuroendocrine rumors 
(32,37) and binds the somatostatin analogue octreotide 
with high affinity. 

Sst localization had originally been demonstrated by 
means of binding assays of radiolabeled somatostatin 
analogues (20,25,31). Subsequently, specific sst messen- 
ger RNA (mRNA) detection was obtained by means of in 
situ hybridization (ISH) and reverse transcriptase poly- 
merase chain reaction (RT-PCR) (1432,37). Recently; 
poly clonal antibodies specific for different isoforms of 
sst were produced and used in irnmunohistochenus07 
(10,12,15,1830,35,36). Given the well-known heteroge- 
neity of neoplastic populations, in situ methods (innnu- 
nohisiochenusu7 and ISH) allow a more definite map- 
ping of the distribution of the receptor in such tissues. 
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This is potentially useful for predicting the responsive- 
ness of a given neoplastic cell population to medical 
treatment with somatostatin analogues, which are used in 
the clinical setting for both diagnostic and therapeutic pur- 
poses with special reference to neuroendocrine tumors. 

The spectrum of neuroendocrine tumors of the lung 
includes well-differentiated neoplasms (so-called typical 
carcinoids) and poorly differentiated small- cell carcino- 
mas (SCCs). Intermediate forms sharing features of both 
the aforementioned types also belong to this spectrum 
(so-called atypical carcinoids or well-differentiated neu- 
roendocrine carcinomas). Finally, large-cell neuroendo- 
-crine-caTeinoma-has-been-identified and included-in-tbis- 



rumor group (4,40). The tissue distribution of sst2 in 
neuroendocrine tumors of the Jung has not been thor- 
oughly characterized, although individual samples of 
: bronchia] carcinoids were found to express sst (3 OX 
SCCs (but not non-small-cell types) were also shown to 
be sst2 positive by receptor binding assay (33). More- 
over, sst2 has been detected in in vitro eel) cultures of 
human SSC of the lung (39,42). No study on a series of 
neuroendocrine tumors of the lung including all neuro- 
endocrine lung tumor types has been reported to date. 

The aim of this study was therefore to investigate the 
presence of ss t2 mRNA and protein in a series of 26 
neuroendocrine tumors of the lung, employing different 
technical approaches, such as RT-PCR, JSH, and immu- 
nohistocbemistry. To this purpose a monoclonal anti- 
body to sst2 (N-terminaJ) was generated in the Depart- 
ment of Pathology, University of Turin. The results were 
then compared and relaied to the rumor grade and to 
other clinicopathologic parameters. 

MATERIALS AND METHODS 

Case Series and RNA Extraction 

Twenty-six samples of neuroendocrine tumors of the 
lung, in which fresh frozen tissue was available, were 
retrieved from the surgical pathology ilk of the Univer- 
sity of Turin, Italy. All samples were reviewed applying 
currently accepted criteria of classification (4,40), and 
the neuroendocrine nature was confirmed by positive im- 
munostaining for chromogranin A (CgA) (with or with- 
out antigen retrieval) or synapiophysin, and by positive 
RT-PCR for CgA mRNA. According to die classi- 
fications described here, these included 15 well- 
differentiated neuroendocrine tumors (typical carci- 
noids), 6 we 11- differentiated neuroendocrine carcinomas 
(atypical carcinoids), and 5 SCCs. 

A series of 20 non- small-cell lung carcinomas (10 
squamous, 9 adenocarcinomas, and 1 large-cell anaplas- 
u'c) lacking neuroendocrine differenu an on, as demonstrated 
by negative irrununohistochermstry ^d RT-PCR for CsA 
(1), served as a conuol £roup. Clinicopaibologic data and 
fcJJow-up infonnatioD were obtained for alj patiems. 



For hybridization analysis, total RNA was extracted 
using the guanidine thiocyanate-cesium chloride method 
(5). The concentration of RNA was estimated by spec- 
trophotometry, and RNA degradation was assessed by 
agarose gel electrophoresis, as previously reported {37). 

Reverse Transcriptase Polymerase Chain Reaction 
for sst2 and Chroroogranin A 

Total RNA (2 jig) was first digested, with 10 units of 
RNase-free DNase (Boehringer, Mannheim, Germany) 
in a 10- uX solution containing 20 mmol/L MgCl 2 , to 
. avoid DNA contamination. The solution was kept at 
room temperarufe fori 0 minutesrtben heated for 5 min- 
utes at 70°C to inactivate the DNase molecules; 40 
pmol/L of oligodeoxy thymidine primers (ohgo-dT16) 
were added and the solution was heated again at 70°C for 
10 minutes, then chilled on ice to allow the primer hy- 
bridization. The resulting solution was reverse tran- 
scribed using 100 units of reverse transcriptase (Gibco 
BRL, Gaitersburg, MD). Complementary DNA (cDNA) 
was generated in a 50-uJL final reaction volume contain- 
ing 50 mmol/L Tris-HCl pH 8.3, 75 mmol/L KCL 3 
mmol/L MgCl 2 , 10 mmol/L dithiothreitol, 1 irimol/L de- 
oxynucleotide triphosphates (dNTPs), and 20 units of 
RNasin (Promega, Madison, Wl). The solution was 
heated at 37°C for 90 minutes. Finally, the enzymes were 
inactivated by heating to 70°C for 10 minutes. 

The efficiency of the reverse transcription was deter- 
mined by performing a PCR reaction having the p 2 ~ 
microglobulin "housekeeping gene*' as a target. PCR was 
carried out in a 10-p.L final reaction volume containing 
1 ul, of cDNA template, 10 prjriol of sense and antisense 
oligonucleotide primers, 67 mmol/L Tris-HCl pH 8.8, 16 
mmol/L (NH 4 )2S0 4 , 0.01% polysorbate 20, 2 mmol/L 
dNTPs, 1 mmol/L MgCl 2 , and 0.5 units of Taq polymer- 
ase. ^-Microglobulin, sst2, and CgA PCR reactions were 
performed using the same protocol at the following PCR 
conditions: 35 cycles, each cycle consisting of denaruration 
at 94°C for 2 minutes, annealing at 55°C for 1 minute for 
p 2 - microglobulin, at 6l°C for sst2, and at 68°C for CgA; 
extension was performed at 72 °C for 1 rninute. The primers 
used for RT-PCR (9,11,2337) are reported in Table 1. 

The amplified fragments were run in a 1% agarose gel, 
containing ethidium bromide. Strict precautions against 
contamination were undertaken (19) and negative con- 
tools (a no- template control and a no^reverse transcriptase 
control and disiiiled water to replace the RNA) were in- 
cluded. The RNA extracted from an H7J 6 neuroendocrine 
colon carcinoma cell line, and from a neuroblastoma (37) 
served as positive controls for CgA and sst2, respectively. 

Antibodies 

Two different antibodies specific for sst2 were em- 
ployed. The first one was a monoclonal antibody raised 
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SOMATOSTATIN RECEPTOR TYPE 2 IN NEUROENDOCRINE LUNG TUMORS 
TABLE 1. Sequences oi primers used for reverse transcriptase polymerase chain reaction 
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a SSSS2 =£«g?£ia^™ * » 

1 InA^e^' GCT CCA A6A CCT CGC TCT CC 3> 
§ g£gg j e :^6AC CGA CTC "TCG CCT TTC C6 3' 

- PCR; polymerase chain reaction. 



in the Department of Pathology (University of Turin) 
^/nfic for an N-terrrnn al seguencetf the_sst2Jsh ared 



by both A and B receptor isofonns). The octapeptide 
EPYYDLTS, corresponding to amino acids 35 to 42 of 
the human receptor (and differing by one amino acid 
irom the mouse sequence), was synthesized, having a 
lvsin added to the N-terrninal. This sequence was similar 
4olhat used by other groups to produce polyclonal anti- 
bodies (17,18,27). This .sequence was rather sbort but 
made it possible to avoid extensive homology with sstl. 
In addition, according to a genbank search using FASTA 
(28), this protein sequence is unique to human sst2 and 
has a partial homology only with rat and human nuclear 
receptor retinoid orphan nuclear- receptor-beta (a protein 
having nuclear localization). Three Balb/c mice were im- 
munized with the peptide conjugated to keyhole limpets 
hemocyanin (KLH) (Sigma, St. Louis, MO) following 
the standard procedure. After the first intiasplenic injec- 
tion (100 u-g of protein) at time 0, the mice were intra- 
peritoneally 0 injected six times with the peptide-KLH 
conjugate (150 U-g) in the presence of Freund adjuvant. 
The reactivity of the sera from each animal was evalu- 
ated using an enzyme-linked immunosorbent assay, us- 
ing the peptide coated onto the plastic. Tbe bybridomas 
were produced by somatic fusion of immunized spleno- 
cytes with the mouse myeloma cell line Ag8.X 63.653, 
. following the standard .technique (21). Tbe monoclonal 
■ antibodies of interest were selected on the basis of the 
reactivity with tbe target peptide and with appropriate 
tissue sections: The latter included formal in-fixed and 
paraffin-embedded sections of pituitary. gland and pan- 
creatic islets and were analyzed by means of irnmuno- 
peroxidase staining. Parallel control experiments were 
also performed by staining serial sections of these tis- 
sues, emitting the primary antibody or with the preim- 
roune serum or with the aniibody preadsoibed with high 
concentrations (1 rog/mL) of the antigenic peptide. In 
addition, the selected monoclonal antibodies (coded 
10C6and l0G4),.both of IgM isotype, were further char- 
acterized by Western blotting. Membranes were prepared 
from stable transfected Chinese hamster ovary (CHO>- 
KJ cells, individually expressing recombinant human so- 
maiosiatin receptors (sstl to sst5). Western blotting was 
performed as previously described (36). Tbe monoclonal 
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antibody was used as culture supernatant at 1:3 dilution 
for 2 hours at room te mperatiire.ip Tris-buffered saline 
(TBS), supplemented with 0.1% polysorbate 20. Blots 
were washed in TTBS and incubated with peroxidase- 
conjugated goat antimouse IgM, diluted 1:1-500 for 90 
minutes at room temperature. Then, blots were washed in 
TTBS and imxnunocomplexes were visualized using 
ECt followrng manufacnrrer^s instructions (Amersbam, 
Bucks, UK). 

A second polyclonal antibody was produced that had 
been characterized previously (35,36). This antibody 
(coded K230) was raised in sheep and was specific for a 
sequence of the C- terminal portion of the sst2A (KSRL- 
NETTETQRTLLNEDLQ, amino acids 347 to 366). 

. ftoomunobislncbemttstry 

Sections 4 or 5 u, thick, adjacent to those used for 
conventional histopathologic examination and irnmuno- 
suining for neuroendocrine markers, were collected onto 
poly-L-lysine-coated slides. The proliferative activity of 
the tumors was assessed by means of K567 immnnosta- 
nining (clone MEBl, lmmunotecb, Marseille, France), 
diluted 1:10 after rnicrowave-based antigen retrieval in 
citrate buffer). Tbe ascitic fluid of monoclonal antibody 
10G4 was used in this study and was applied to tissue 
sections with prior antigen retrieval (three 3-minute pas- 
sages in a microwave oven at 800 W in citrate buffer pH 
6.0), at the dilution of 1:10,000 or 1:12,000 for 30 min- 
utes at room temperature, tbe antiserum coded K230- 
was applied overnight at a dilution of 1 :300 with no prior 
antigen retrieval. The immune reactions were then re- 
vealed with tbe immunoper oxidase technique (13) using 
tbe streptavidin-peroxidase kit and diaminobenzidme as 
chroroogen. A weak nuclear counteistain or no counter- 
stain was used in parallel sections. Control stainings for 
both antibodies included irnmunoperoxidase of serial 
sections using preimraune serum or antibody pread- 
sorbed with the anngen or buffer instead of»tbe primary 
antibody. 

In Sim Hybridization 

Selected tumors (12 samples) were also analyzed for 
sst2 mRNA exptession by means of a nonradioactive, 
ryramide deposition-based ISHjecbnique. Tbe proce; 
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dure of amplification was modified from procedures re* 
ported by Kerstens el al (16), Sped et aJ. (38), and the 
GenPoint (bionnyl-tynamide) manufacturer (Dako, Glos- 
trup, Denmark). Briefly, 5-u.m-thick paraffin sections 
were collected onto silane-coated slides and deparaf- 
Jlnized through xylene and graded alcohols to phosphate 
buffer saline (PBS). The slides were then incubated for 5 
minutes in a microwave oven at 800 W in citrate buffer 
pH 6.0. After washing in PBS, they were digested with 
proteinase K (1 u-g/mL) for 10 minutes at 23°C Endog- 
enous peroxidase activity was blocked with 3% hydro- 
gen peroxide and endogenous biotin was blocked using 
Trriu%^)ccking-Tea^enWcaH 5 minutes -foHewed-by— 



washing in PBS and biotin-blocking reagent for 15 min- 
utes (3). Sections were then prebybridized for 1 hour at 
room temperature in a mixture composed of 4x SSG, 
50% forroamide, Denhardt's 1 x, dextrane sulfate 5x, 500 
fig/mL salmon sperm DNA, and 250 ng/mL tRNA. Hy- 
bridization took place overnight at A2°C in a solution 
containing the specific probe at a concentration of 1 
prool/mL The probe was a digoxigenin-labeled 48-base 
oligonucleotide (32), complementary to positions 91 to 
139 of the human sst2 gene (41). After hybridization, 
excess hybridization buffer and coverslips were removed 
by a rapid wash in 4x SSC followed by stringent washing 
in O.lx SSC for 10 rninutes at 42°C. The hybrids were 
revealed by the following incubation steps: peroxidase- 
labeled antidigoxigenin (diluted 1:100 in PBS) for 30 
minutes at room Temperature, bioiinylated tyr amide (di- 
luted 1:5 in PBS) for 15 rninutes at room temperature, 
and peroxidase-labeled streptavidin for 15 minutes at 
room temperature. Diaminbbenzidine was used as chro- 
mogen. Controls for 1SH included staining of serial sec- 
tions with sense probe, an unrelated probe (EBER-1 of 
the Epstein-Barr virus), and omission of the probe in the 
hybridization mixture, with all other experimental con- 
ditions identical to the procedure described here. 



RESULTS 

Reverse Transcriptase Polymerase Chain Reaction 

All neuroendocrine tumors, but no normemoendocrine 
lung carcinomas, were positive for CgA mRNA (Fig. 1). 
Sst2 "mRNA was amplified in 22 of 26 samples of neu- 
roendocrine rumor. The signals had variable intensities 
(Fig. 2) and were weak in moderately or poorly differ- 
entiated rumors (mostly in SCCs). No amplification was 
obtained in no-template or no-reverse transcriptase ex- 
periments. Control samples (nonneuroendocrine lung 
carcinomas proven by negative CgA RT-PCR) were 
weakly positive for sst2 in 5 of 20 samples only (includ- 
ing 3 adenocarcinomas™ J squamous, and the large-cell 
anaplastic carcinoma) (Fig. 3). These differences were 
statistically significant (P < 0.01 ) by X 2 test 

Characterization of Monoclonal Antibodies to sst2. 

Several clones were identified having a positive bind- 
ing by enzyme-linked immunosorbent assay and a par- 
allel immun ore activity 4 on formalin- fixed paraffin- 
embedded human endocrine tissues (pituitary and pan- 
creatic islets). In Western blotting experiments, two 
clones (coded 10C6 and 10G4) specifically developed a 
band at approximately 70 klX When the antibodies were 
used against CHO-transfected cells expressing recombi- 
nant somatostatin receptors 1 through 5, a specific band 
corresponding to sst2 (at approximately 70 kD) was re- 
vealed by the monoclonal antibody 10G4. Monoclonal 
antibody 10C6 developed a strong band with sst2 but 
displayed a weaker reactivity also with sst], 3, and 5, at 
least in the present experimental conditions (Fig. 4 A,B). 
The same anybodies were also tested by means of im- 
rounoperoxidase staining, on formalin-fixed, paraffin- 
embedded samples of normal human pituitary gland and 
pancreas. Monoclonal antibody )QG4 gave good results 
in immun ©histochemistry and was used at increasing di- 
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FIG. 1. Reverse transcriptase polymerase chain reaction for chromograniri A (CGA) mRNA 
in 26 samples ot neuroendocrine tumor ot the lung. Numbers in each lane correspond to 
sample numbers in Table 2. CGA mRNA is amplified at 429 bp. C and C* stand for positive 
(neuroendocrine colon carcinoma cell line, H716) and negative (distilled water) controls, 
respectively. The last column to the right represents the molecular weight marker. All samples 
are positive with a variable intensity ol the amplification band. . 
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FIG. 2. Reverse transcriptase polymerase chain reaction for sst2 mRNA in 26 samples of 
neuroendocrine tumor of the lung. Numbers in each lane correspond to sample numbers in 
Table 2. sst2 mRNA is amplified at 284 bp. C and C* stand for positive (a neuroblastoma) • 
and negative (distilled water) controls, respectively. The last column to the right represents 
the molecular weight marker. Twenty-two of 26 samples are positive with a variable Intensity 
of the amplification band. 



lurjons (up to 1:15,000) with specific staining. Using tbin 
' sections (approximately 4 ujti), a strong membrane- 
bound and peripheral cytoplasmic immunoreactivity was 
found in an adenohypophyseal cell population (corre- 
sponding to growth ho™ one- secreting cells, as con- 
firmed by double imrnunohistocbemical analyses) and in 
pancreatic islets (Fig. 4 CD). In the latter, the staining 
was apparently not restricted to a specific hormone- 
producing cell type and had a peripheral cytoplasmic or 
membrane distribution. Exocrine pancreatic cells (both 
acinar and ductaJ) were only occasionally immuno : 
stained. lrmnunohjsiochernisD7 performed on serial con- 
trol sections, either omitting the primary, antibody or us- 
ing the preimmune serum or antibodies preabsorbed with 
the synthetic peptide, was negative in both tissues. 
.Monoclonal antibody 10C6 had a relatively higher back- 
ground staining at similar dilutions. 

Immunohislocbemistry 

The antibodies tosst2 (monoclonal antibody 10G4 and 
polyclonal K230) gave slightly different imrnunoreac- 
tions in 25 samples, and staining was not done in 1 
sample because of lack of residual paraffin blocks. The 
monoclonal antibody J0G4 stained 21 of 25 samples, the 



negative samples being 1 atypical carcinoid and 3 SCCs 
(Fig. 5). The rumors had 5% to 25% of the neoplastic 
cells imrnunoreacove. The staining was at the periphery 
of the cytoplasm, and omitting the counterstain its mero- 
brane-bound distribution was better outlined in most 
samples (Fig. 6). One sample of atypical carcinoid {no. 
21) was focally immunoreactive for sst2, despite nega- 
tive RT-PCR findings. Conversely, sample no. 26 was 
immunohistochemisrjy negative and RT-PCR positive. 
The antiserum ami-sst2A (code K230) gave positive sig- 
nal in 19 of 25 samples, in 5% to 60% of the neoplastic 
cell population (Fig. 7). The location of the staining was 
at the membrane level associated with a weak cytoplas- 
mic reactivity. The same pattern was seen in positive 
controls, e.g., pancreatic islets (Fig. 7, inset). Two 
samples (nos. 19 and 26) were negative in spite of a 
positive RT-PCR signal. Two other tumors (nos. 21 and 
22), apparently devoid of sst2 mRNA, showed a small 
percentage of immunoreactive cells. Incidentally, one of 
these latter samples (no. 21) was also immunoreactive 
with monoclonal antibody 10G4 (Table 2). 

The five control samples positive 'by RT-PCR were 
also reactive with the antibodies. The type of imrnuno- 
cytochemical location of ssi2 receptors was similar to 
that described here, being a peripheral cytoplasmic stain- 
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FIG. 3. Reverse transcriptase polymerase chain reaction for sst2 mRNA in 20 control 
samples 61 nonneuroendocrine lung carcinoma. Five of 20 samples show a weak band at 
284 bp corresponding to sst2 mRNA. Control columns (C and C*) are identical to those in 

Fig. 2. 
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FIG. 4. Western blot analysis of monoclonal antibody 
clones 10G4 and 10C6 against sst2 in Chinese hamster 
ovary cells transtected with recombinant sst 1 through 5 
(numbers of each column "correspond to receptor type). 
Monoclonal antibody 10G4 shows a specific band at ap- 
proximately 70 kD for sst2 only (A) as opposed to mono- 
clonal antibody 10C6> which strongly reacts with sst2 but 
also has some degrees of cross-reactivity with sst 1, 3, 
and 5 (B). The lower figures show control forma fin-fixed 
paraffin-embedded pancreatic Islets immunostained with 
monoclonal antibody 10G4 without (C) and with (D) 
preadsorption with the peptide antigen, respectively. "The 
majority of endocrine cells show a membrane- bound im- 
muhoreactivity (C) (immunoperoxidase). Bar: 90 urn. 



ing present in 40% to 70% of neoplastic cells. A weak 
and focal siaining was also observed in five of the re- 
maining RT-PCR-negative samples , when the antibody 
K230 was used (but not when the monoclonal was em- 
ployed). 

Several cells in periiumoral lissues were occasionally 
stained. Ciliated cells of bronchial mucosa had a periph- 
eral staining at the cilia border. .Mucous glands were 
negative. Rare chondrocytes had a membrane staining. 
The wall of periiumoral as well as of occasional distant 
vessels was stained at the endothelium level and in oc- 
casional smooth muscle cells. 

The reactivity of both antibodies was abolished in se- 
rial sections when the reagents were preabsorbcd with 
the respective synthetic peptides, but not when an unre- 
lated peptide was used. The peri tumoral bronchia/ mu- 
cosa had a focal staining of ciliated cells with both an- 
tibodies. This reactivity disappeared when the preab- 
s orbed ami body was applied. 



In Situ Hybridization 

Eight of 12 samples stained by 1SH were positive for 
sst2 mRNA. The mRNA was present in a percentage of 
cells (ranging from 10% to 40%) and gave a weak signal 
(Fig. 8), despite the amplification provided by the tyra- 
mide-based procedure. The background level was mini-, 
mal using diluted biotinylated tyramide. Control sections 
stained with sense probe or an unrelated probe, or omit- 
ting the probe, were consistently negative. 



Clinical Data 



Clinicopathologic data are sununarized in Table 2. At 
follow-up, the majority of patients with typical carci- 
noids are free from disease 1 to 1 1 years after surgery. 
Two patients are alive with stable metastatic disease. 
Patients affected by atypical carcinoids had disease pro- 
gression in one third of samples. Finally, patients with SCC 
had fatal outcomes within 1 year from diagnosis (except the 
recent sample). Eight patients had preoperative octreotide 
scintigraphy performed at the time of diagnosis. All patients 
had positive octreoscan findings, "and, in these patients, 
also the tumor was positive by RT-PCR and immu- 




FIG. 5. sample no. 25 (small cell carcinoma). Absence of 
immunoreactivity lor sst2 with the monoclonal 10G4. This 
sample was also negative by reverse transcriptase poly- 
merase chain reaction and in situ hybridization. (Immuno- 
peroxidase in a formalin-fixed paraffin-embedded sample. 
Nuclei slightly counteistained with hemalum.) Bar: 45 pm. 
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nohistochemistry or ISH. Id addition, three of these pa- 
tients received octreotide therapy administered at the 
fi&t of rumor recurrence or metastatic spread. Stable 
disease is recorded at follow-up more than 5 years after 
diagnosis. 

Correlations 

Overall, complete overlapping (i.e., RT-PCR, ISH, 
and irrmmnobistochemistry with two antibodies) be- 
tween sst2 geDe and protein expression was obtained in 
21 of 25 samples (84%) and between RT-PCR results 
^djroimiriolusio^^ 



the antibodies in 24 of 25 samples (96%). Tbe rnonoclo- 
. pal antibody 10G4 looked highly sensitive, being able to 
" \ stain all but one sample (no. 26) (95%) positive for sst2 

mRNA by RT-PCR. Sst2 expression, at raRNA as well 
.', as at protein levels, was reduced in high grade tumors, 
" : with SCCs being weakly positive in only two of five 

samples. Decreasing expression of sst2 appears to cor- 




FIG. 6. sample no. 16 (typical carcinoid). Immunohisto- 
chemical deleclion of sst2 by means of monoclonal anti- 
body 10G4. The neoplastic cells have a peripheral cyto- 
plasmic staining and membrane posilivity in some .ceils, 
whereas the peribronchial gland adjacent to the tumor is 
unreacfrve. (Immunopef oxidase in a formalin- fixed paral- 
lin-embedded sample. Nuclei slightly counterstained with 
hemalum.) Bar: 45 pm. The membrane-bound distribution 
of the immunostaining is better outlined in a parallel sec- 
tion stained lor monoclonal antibody 1064 omitting 
nuclear counterstain (inset). 




FIG. 7. Same sample as in Fig. 6. Immunohistocbemical 
dejection of sst2 by means of the polyclonal antibody 
K230. The immunostaining is more intense at the cell bor- 
der (arrows), as observed with the monoclonal antibody. 
In the inset, a pancreatic islet, used as positive control, 
shws a predominant membrane- bound immunostaining of 
many neuroendocrine cells. (Immunoperoxidase in a for- 
malin-fixed paraffin-embedded sample. Nuclei slightly 
counterstained with hemalum.) Bar 45 um. 

relate with high tumor grade and elevated proliferative 
activity, but not with other parameters such sex, age, or 
tumor size. 



DISCUSSION 

In this study, the presence of sst2 mRNA has been 
demonstrated in a series of resected neuroendocrine tu- 
mors of me lung by.means of RT-PCR and confirmed by 
a sensitive nonradioactive tyramide-based ISH procedure 
and by immun ©histochemistry with anti-sst2 antibodies. 
Samples of both carcinoid tumors and SCCs were sst2 
positive, although a reduced or absent signal was ob- 
served in poorly differentiated (small<ell) carcinomas. 
This is the first study of sst2 expression in a relatively 
larse series of neuroendocrine tumors of the lung. Single 
samples of human carcinoids and SCCs (including cell 
lines of ihe latter) had previously been analyzed and 
found to express sst2 (7 J 5,30,32,33,39,42). Several 
methods have been used to detect these receptors and 
partially overlapping results^vvere obtained. 

In die present study, the expression of high amounts of 
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TABLE 2. Clinicopathologic data and somatostatin receptor type 2 (sst2) expression in 26 cases of neuroendocrine 

* lung tumors 
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AWD, alive with disease; CgA, chromogranin A; DOD, died of disease; 4 F t focal: positive in <5% of cells; IHC; Immunohistochemislry; 
Mab, monoclonal antibody; NECa, Neuroendocrine carcinoma; NED, no evidence of disease; NET. neuroendocrine tumor; NT. not tested; 
RT-PCR, reverse transcriptase polymerase chain reaction; SCC, Small-cell lung carcinoma; SYP, synaptophysin; WD, well differentiated. 
. • Ki67 IHC; values correspond to percentage of positive nuclei of neoplastic celis. 

t Patients who had preoperative octreoscan performed. 

1 Patients who had octreoscan performed and octreotide treatment. 



sst2 mRNA was confirmed in well to raoderatefy differ- 
entiated neuroendocrine tumors, in agreement with the 
results obtained by Reiibi et aL (32) by means of radio- 
active 1SH. The presence of sst2 mRNA in SCC had 
never been reported in human specimens, except for two 
samples included in Reubi et aJ.'s series (32). Although 
the data on eel) lines support the observation that SCCs 
contain sst2 (42), slightly discrepant results were found 
in some of samples described here. Unfortunately, SCCs 
are rarely operated on, and therefore it is difficult to 
collect a large number of surgical specimens. The live 
samples studied in the current series by means of RT- 
PCR had a low amount (two samples) or absent (three 
samples) sst2 mRNA. This could be the result of the 
extensive necrosis commonly present in such rumor 
types. However, because care was taken to freeze frag- 
ments that were macroscopically devoid of necrotic ar- 
eas, a more likely hypothesis is that sst2 expression is 
reduced in poorly differentiated tumors. Recently, Reis- 
inger et al. (29) showed that the uptake of somatostatin 
analogues in patients wjth SCC undergoing chemo- 
therapy is significantly lower, and therapeutic external 
factors'may affect the receptor status of individual ru- 
mors. In addition, the uptake of somatostatin analogues 



in metastatic deposits of SCC has been shown to be low 
or absent (29,2). The present findings suggest that the 
sst2 mRNA content is related to the degree of tumor 
differentiation. These data must be confirmed in larger 
series of nonneurbendocrine tumors to ascertain whether 
the observed loss or decrease of sst2 expression in neu- 
roendocrine tumors is a common, event linked to neo- 
plastic dedifferentiarion. In addition, further studies are 
needed to assess the functionality of such receptors, by 
comparing the profile of sst2 expression in tumor tissues 
with binding assays employing labeled somatostatin and 
with the clinical response to diagnostic and therapeutic 
administraripn of somatostatin analogues. 

To this purpose, several investigators have demon- 
strated a correlation between clinical imaging or re- 
sponse to somatostatin analogue treatment, and sst2 
mRNA content in single . samples of carcinoid tumors 
(15,22). Northern blotting and ISH were the techniques 
used for sst2 mRNA identification. This kind of corre- 
lation is useful for selecting patients for somatostatin 
analogue treatment, although the demonstration of recep- 
tor mRNA in a cell does not imply per se that the recep- 
tor is fully functional. 
The. present study relied, on a highly sensitive lech- 
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-FK5. .8* sample no, -14 (typical carcinoid). In -sHu-hybrid- 
ization (ISH) for ss\2 mRNA shows a weak cyloplasmattc 
staining (A) in most tumor cells.. An ISH performed with an 
unrelated probe was negative in a serial section of the 
same tumor (B). This sample was strongly positive by 
reverse transcriptase polymerase chain reaction for sst2 
mRNA and by immunohistochemistry. (Nonradioactive 
ISH revealed by peroxidase and diaminobenzidine, as 
substrate. Nuclei counterstained wiih hemalum.) Bar: 
75 pm. . 



nique, RT-PCR, to identify aJ] samples bearing even 
small amounts of sst2 mRNA. Indeed, in a previous 
study, single samples exhibiting octreotide-binding sites 
had no demonstrable sst2 mRNA by means of ISH, pos- 
sibly due -To tbe low sensitivity of the ISH procedure (34). 
The RT-PCR bas sbown sst2 mRNA transcripts in tbe 
majority of samples here studied. Only four samples 
were negative, all belonging to poorly differentiated high 
grade tumors, which usually follow an aggressive course. 
A decrease of sst2 rnRNA expression in association with 
neuroendocrine tumor dedifferentiation had also been re- 
ported in neuroblastomas (37). In tbe above report, as 
well as in the current study, samples having an unfavor- 
able prognosis were found to contain a relatively low . 
amount of sst2 mRNA, as compared with well- 
differentiated rumors. 

In the current sample series., eight samples were in- 
vestigated before surgery with radiolabeled octreotide. 
Despite the low figures, all the samples positive at the 
diagnostic procedure had a strong RT-PCR signal for 
sst2 mRNA. Three of eight patients were also responsive 
to octreotide treatment administered at the time of re- 
lapse or metastatic spread. JvJcre extensive correlative 
clinicopathologic smdies on the sst status are needed to 
better define the tissue distribution, of somatostatin bind- 
ing sites and their potential clinical role in the treatment 
of patients. 

Sst2 evaluation by means of ISH (14,32) or RT-PCR 
(26,37) is a highly sensitive and reliable procedure. Un- 
fortunately, these techniques have limitations because 
frozen tissue is needed for some of them, and radioactive ■- 
Material or costly and time -consuming mediods are nec- 



essary for others. IrrnnunohistocbemicaJ analysis of sst2 
by means of specific antibodies represents an idea], 
cheap, and rapid alternative, easily applicable to archival 
material. For these reasons, several investigators have 
raised polyclonal antibodies specific for sst (8,10,15,17, 
18). In the current study, tested tumor fragments adjacent 
to those snap frozen for RT-PCR analysis were tested 
with a polyclonal antibody against a C-tenninal portion 
of the sst2A splice variant (35,36). In addition, a mono- 
clonal antibody was produced in the Department of Pa- 
thology (University of Turin) against an N-teirninal se- 
quence of the human sst2. This antibody was the first 
monoclo n al devel oped against sst2 and was . shown to be 



highly specific for sst2 in Western blot and immunohis- 
tochemicaj analysis. Both tbe monoclonal and tbe poly- 
clonal antibodies specifically reacted with all. samples 
also positive by RT-PCR (with minor discrepancies in 
two samples, likely due to rumor heterogeneity). Tbe 
observed correlation between RT-PCR and immunohis r 
tccbemistry indicates thai tbe latter may be a reliable 
diagnostic tool and may allow hrjmunom^tocbemical in- 
vestigation for sst2 even in small biopsy samples. This in 
rum may enable a rapid screening of sst2-positive tumors 
for medical treatment with somatostatin analogues. 

Having confirmed in a relatively large series that the 
vast majority of. neuroendocrine tumors of tbe lung con- 
tain variable amounts of ssi2 mRNA, a final comment is 
deserved for sst2 expression in nonneuroendrcrine Jung 
carcinomas. No data have been reported thus far in tbe 
literature concerning normal human lung, although in the 
present study some bronchial cells of perirumoral paren- 
chyma were positive for sst2 when immunom'stocbemi- 
cal analysis was performed with either antibody. Tbe 
staining was specific because it was abolished using pre- 
absorbed antibodies. Therefore, it is likely that normal 
human lung tissue contains sst2. This might be con- 
firmed by alternative techniques (e.g.,* Western blot, RT- 
PCR). However, in situ morphologic procedures, such as 
those employed here, have definite advantages. In fact, 
the lung is rich in vessels, and in several tissues (either in - 
tumoral or in inflarjunatory-reactive conditions) the ves- 
sels were recently shown to contain sst (6). 

A low expression of sst2 was found in 25% of lung 
carcinomas of nonneuroendocrine type investigated in 
the present study by means of RT-PCR. Therefore, sst 
type 2, at least, does not appear to be extensively ex- 
pressed in nonneuroendocrine carcinomas of tbe lung. 
However, because two tumors, in the control group (a 
squamous carcinoma and an adenocarcinoma, respec- 
tively) had positive octreotide scintigraphy, but no sst2 
mRNA, it is plausible that a heterogeneous disnibution 
of sst occurs in nonneuroendocrine lung rumors. Other 
receptor types may be expressed in these tumors and may 
be responsible for the positive results in diagnostic test- 
ing. Because sst5. is also known to bind somatostatin 
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analogues, such as octreotide, with high affinity (24), the 
expression of this receptor type wil) be investigated in 
future studies. D 
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P-cadherin overexpression is an indicator of clinical outcome in invasive 
breast carcinomas and is associated with CDH3 promoter 
liypomethylation. 

Paredes J, Alberearia A . Oliveii a JT . Jcronimo C Milanczi F . Schtmtt PC . 

Institute of Pathology and Molecular Immunology of Porto University (IPATIMUP), 
Braga, Portugal, jparedes@ipatimup.pt 

PURPOSE: P-cadherin overexpression has been reported in breast carcinomas, where it 
was associated with proliferative high-grade histological tumors. This study aimed to 
analyze P-cadherin expression in invasive breast cancer and to correlate it with tumor 
markers, pathologic features, and patient survival. Another purpose was to evaluate the P- 
cadherin promoter methylation pattern as the molecular mechanism underlying this gene 
regulation. EXPERIMENTAL DESIGN: Using a series of invasive breast carcinomas, P- 
cadherin expression was evaluated and correlated with histologic grade, estrogen 
receptor, MIB-1, and p53 and c-erbB-2 expression. In order to assess whether P-cadherin 
expression was associated with changes in CDH3 promoter methylation, we studied the 
methylation status of a gene 5'-flanking region in diese same carcinomas. This analysis 
was also done for normal tissue and for a breast cancer cell line treated with a 
demethylating agent. RESULTS: P-cadherin expression showed a strong correlation with 
high histologic grade, increased proliferation, c-erbB-2 and.p53 expression, lack of 
estrogen receptor, and poor patient survival. This overexpression can be regulated by 
gene promoter methylation because the 5-Aza-2'-deoxycytidine treatment of MCF-7/AZ 
cells increased P-cadherin mRNA and protein levels. Additionally, we found that 71% of 
P-cadherin-negative cases showed promoter methylation, whereas 65% of positive ones 
were unmethylated (P = 0.005). The no*mal P-cadherin-negative breast epithelial cells 
showed consistent CDH3 promoter methylation: CONCLUSIONS: P-cadherin expression 
was strongly associated with tumor aggressiveness, being a good indicator of clinical 
outcome. Moreover, the aberrant expression of P-cadherin in breast cancer might be 
regulated by gene promoter hypomethylation. 
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Mammary-derived growth inhibitor protein and messenger ribonucleic 
acid concentrations in different physiological states of the gland. 

Politts I , Gorcwit RC MuUer Grossc R . 

Department of Animal Science, Cornell University, Ithaca 14853. 

Expression of mammary-derived growth inhibitor in tissue from Iactating and involuting 
bovine mammary glands was investigated. Seventeen Iactating, pregnant (220 to 272 d in 
gestation) cows were divided in two groups of 8 and 9 cows each. Cows of the first group 
were slaughtered while in lactation. Cows of the second group (9 involuting cows) were 
slaughtered at 13 to 52 d following sudden cessation of milking. High concentrations of 
mammary-derived growth inhibitor (.63% of the total protein) were detected in mammary 
tissue of iactating cows. Marrimary-derived growth inhibitor (less than .10% of the total 
protein) was dramatically reduced during most of the involution period (1 3 to 45 d 
• following cessation of milking). Mammary-derived growth inhibitor was again detected 
(.28% of the total protein) during the last stage of the involution (46 to 53 d after 
cessation of milking), which coincided with colostrum formation. When steady state 
concentrations of mammary-derived growth inhibitor mRNA were examined, the results 
obtained mirrored those obtained at the protein concentration. These data suggest that 
regulation of mammary-derived growth inhibitor occurs via modulation of the steady 
state concentration of its mRNA. Furthermore, there is a strong correlation between 
mammary-derived growth inhibitor expression and lactation in dairy cows. 
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Matrilin-3 in human articular cartilage: increased expression iu 
osteoarthritis. 



Pulhg Q » Wescloh G . Klatt AR . Wagener R . Svvoboda B . 

Division of Orthopaedic Rheumatology, Department of Orthopaedics, University of 
Erlangen-Nuremberg, Rathsberger Str. 57, D-9 1 054 Erlangen, Germany. 
oliver.pullig@med.urii-erlangen.de 

OBJECTIVE: Matrilin-3 is a member of the recently described matrilin family of 
extracellular matrix proteins containing von Willebrand factor A-iike domains. The 
matrilin-3 subunit can form homo-tetramers as well as hetero -oligomers together with 
subunits of matrilin- 1 (cartilage matrix protein). It has a restricted tissue distribution and 
is strongly expressed in growing skeletal tissues. Detailed information on expression and 
distribution of extracellular matrix proteins is important to understand cartilage function 
. in health and in disease like osteoarthritis (OA). METHODS: Normal and osteoarthritic 
cartilage were systematically analysed for matriiin-3 expression, using 
immunohistochemistry, Western blot analysis, in situ hybridization, and quantitative 
PCR. RESULTS: Our results indicate that matrilin-3 is a mandatory component of 
mature articular cartilage with its expression being restricted to chondrocytes from the 
tangential zone and die upper middle cartilage zone. Osteoarthritic cartilage samples with 
only moderate morphological osteoarthritic degenerations have elevated levels of 
matrilin-3 mRNA. In parallel, we found an increased deposition of matrilin-3 protein in 
the cartilage matrix. Matrilin-3 staining was diffusely distributed in the cartilage matrix, 
widi no cellular staining being detectable. In cartilage samples with minor osteoarthritic 
lesions, matrilin-3 deposition was restricted to the middle zone and to the upper deep 
zone. A strong correlation was found between enhanced matrilin-3 gene and protein 
expression and the extent of tissue damage. Sections with severe osteoartliritic 
degeneration showed the highest amount of matriiin-3 mRNA, strong signals in in situ 
hybridization, and prominent protein deposition in the middle and deep cartilage zone. 
CONCLUSION: We conclude that matrilin-3 is an integral component of human articular 
cartilage matrix and that the enhanced expression of matrilin-3 in OA may be a cellular 
response to the modified microenvironment in the disease. Copyright 2002 OsteoArthritis 
Research Society International. 
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Up-regulation of mitochondrial peripheral benzodiazepine receptor 
expression by tumor necrosis factor alpha ia testicular leydig cells. 
Possible involvement in cell survival. 

Rey C , Matiduit C , Naureils O . Benahmcd M Louisot P , Gasnier F . 

INSERM U. 189, Faculte de Medecine Lyon-Sud, BP12, 69921 cedex, Ouliins, France. 

Porcine Leydig ceils in primary cultures are resistant to tumor necrosis factor alpha 
(TNFalpha) cytotoxicity. Here we report that these cells can be rendered sensitive to 
TNFalpha killing by treatment with the translational inhibitor cycloheximide, suggesting 
the existence of proteins that can suppress the death stimulus induced by the cytokine. In 
search of these cytoprotective proteins, we focused on the constituents of the 
mitochondrial permeability transition pore (PT pore), whose opening has been shown to 
play a critical role in the TNFalpha-mediated death pathway. We found that TNFalpha 
up-regulated mRNA and protein expression of the mitochondrial peripheral 
benzodiazepine receptor (PBR), an outer membrane-derived constituent of the pore. A 
. strong correlation was established between the resistance of the cells to TNFalpha killing 
and the density of PBR-binding sites. Concomitantly, TNFalpha down-regulated Bel -2 
mRNA and protein expression. As Bel -2 has been shown to be an endogenous inhibitor 
of the PT pore, we hypothesize that the TNFalpha-induced up-regulation of PBR 
expression may compensate for the decrease in Bcl-2 levels to prevent the opening of the 
PT pore. 
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GLUT1 messenger RNA and protein induction relates to the malignant 
transformation of cervical cancer. 

Rudlovvski C . Becker A J , Schroder W . Rath W . Buttner R . Moser M. 

Dept of Gynecology and Obstetrics, University Hospital Heidelberg, Vossstr 7-9, D- 
691 15 Heidelberg, Germany. 

We studied whether induction of glucose transporters (GLUTs) t to 4 correlates with 
human papillomavirus (HPV)-dependent malignant transformation of cervical epithelium. 
Tissue samples of cervical intraepithelial neoplasia (CIN; grades 1 to 3), invasive 
carcinomas, and lymph node metastasis were examined. HPV typing was performed. 
Tissue sections were immunostained with GLUT1 to GLUT4 antibodies. Messenger 
RNA (mRNA) in situ hybridization confirmed GLUT1 protein expression. Weak 
expression of GLUT I was found in nondysptastic HPV-positive and HPV-negative 
epithelium; significant expression was observed in preneoplastic lesions, correlating with 
the degree of dysplasia. In CIN 3 high-risk HPV lesions, cervical cancer, and metastasis, 
GLUT1 was expressed at highest levels with a strong correlation of GLUT1 mRNA and 
protein expression. Immunostains for GLUT2 to GLUT4 were negative. Cervical tumor 
cells respond to enhanced glucose utilization by up-regulation of GLUT1 . The strong 
induction of GLUT1 mRNA and protein in HPV-positive CIN 3 lesions suggests GLUT1 
overexpression as an early event in cervical neoplasia. GLUT 1 is potentially relevant as a 
diagnostic tool and glucose metabolism as a therapeutic target in cervical cancer. 



PMED: 14608894 [PubMed - indexed for MEDLINE] 




158: Photochem PhotobioL 2002 Mar;75(3):302-10. Related Articles. Links 




UVA irradiation-induced activation of activator protein- 1 is correlated 
with induced expression of AP-1 family members in the human 
kcratinocyte cell line HaCaT. 

Silvers AL , Bowdcn GT . 

Department of Radiation Oncology, Arizona Cancer Center, The University of Arizona 
Tucson 85724, USA. 

To determine whether the transcription factor activator protein-1 (AP-1) could be 
modulated by ultraviolet A (UVA) exposure, we examined AP-i DNA-binding activity 
and transactivation after exposure to UVA in the human immortalized keratinocyte cell 
line HaCaT. Maximal AP-1 transactivation was observed with 250 kJ/m2 UVA between 
3 and 4 h after irradiation. DNA binding of AP-1 to the target 12-0- 
tetradecanoylphorboi- 13 -acetate response element sequence was maximally induced 1-3 
h after irradiation. Both de novo transcription and translation contributed to the UVA- 
induced AP-I DNA binding. c-Fos was implicated as a primary component of the AP-l 
DNA-binding complex. Other components of the complex included Fra-2, c-Jun, JunB 
and JunD. UVA irradiation induced protein expression of c-Fos, c-Jun, Fra-1 and Fra-2. 
Phosphorylated forms of these induced proteins were determined at specific time points. 
A strong correlation existed between UVA^induced AP-1 activity and accumulation of c- 
Fos, c-Jun and Fra-1 proteins. UVA irradiation also induced c-fos and c-jun mRNA 
expression and transcriptional activation of the c-fos gene promoter. These results 
demonstrate that UVA irradiation activates AP-1 and that c-fos induction may play a 
critical role in the response of these human keratinocytes to UVA irradiation. 
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Tunior necrosis factor-alpha upregulates the prostaglandin E2 EPl 
receptor subtype and the cyclooxygenasc-2 isoform in cultured amnion 
WISH cells. 

Spaziani EP , Bcnoit RR , Tsibris JC Gould SF . O'Brien WF . 

University of South Florida Health Science Center, Department of Obstetrics & 
Gynecology, Tampa 33612, USA. espa2ian@c0mLmed.usf.edu 

Recent studies have demonstrated a strong correlation between infection and preterm 
labor. Preterm delivery is also associated with high levels of cytokines and prostaglandins 
in amniotic fluid. The purpose of this study was to investigate the effect of tumor necrosis 
factor-alpha (TNF-alpha) on the levels of cyclooxygenase, prostaglandin E2 production 
(PGE2), and expression of the PGE2 receptor subtype EP 1 in amnion WISH cell culture. 
Amnion WISH cell cultures were incubated in increasing concentrations of TNF-alpha 
(0-50 ng/ml). Changes in cyclooxygenase and EPl receptor proteins were evaluated by 
Western blot analysis. Changes in EPl mRNA were evaluated by Northern blot, and 
culture fluid concentrations of PGE2 were estimated by enzyme immunoassay (EIA). 
BP I protein (p<0.0 1 ), EP 1 mRNA (p<0.05), cyclooxygenase-2 (COX-2) protein 
(pO.OOl), and PGE2 concentrations (p<0.01) all increased with increasing 
concentrations of TNF-alpha. Changes in COX-1 protein were not observed following 
TNF-alpha-incubation. The results suggest that TNF-alpha may play a role in infection- 
induced preterm labor by its pleiotropic ability to simultaneously stimulate COX-2 
activity, PGE2 concentrations, and PGE2 EPl receptor levels in human amnion. 
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Specific inhibition of AQP1 water channels in isolated rat intrahepatic bile 
duct units by small interfering RNAs. 

Splinter PL , Masyuk AL LaRusso NF . 

Center for Basic Research in Digestive Diseases, Division of Gastroenterology and 
Hepatology, Mayo Medical School, Clinic, and Foundation, Rochester, Minnesota 55905 
USA. ' 

Cholangiocytes express water channels (i.e. aquaporins (AQPs)), proteins that are 
increasingly recognized as important in water transport by biliary epithelia. However, 
direct Functional studies demonstrating AQP-mediated water transport in cholangiocytes 
are limited, in part because of the lack of specific AQP inhibitors. To address this issue, 
we designed, synthesized, and utilized small interfering RNAs (siRN As) selective for 
AQP1 and investigated their effectiveness in altering AQP I -mediated water transport in 
intrahepatic bile duct units (IBDUs) isolated from rat liver. Twenty-four hours after 
transfection of IBDUs with siRNAs targeting two different regions of the AQP1 
transcript, both AQP1 mRNA and protein expression were inhibited by 76.6-92.0 and 
57.9-79.4%, respectively. siRNAs containing the same percent of base pairs as the 
AQP 1 -siRNAs but in random sequence (i.e. scrambled siRNAs) had no effect. 
Suppression of AQP 1 expression in cholangiocytes resulted in a decrease in water 
transport by IBDUs in response to both an inward osmotic gradient (200 mosm) or a 
secretory agonist (forskolin), the osmotic water permeability coefficient (P(f)) decreasing 
up to 58.8% and net water secretion (J(v)) decreasing up to 87%. A strong correlation 
between AQP I protein expression and water transport in IBDUs transfected with AQP1- 
siRNAs was consistent with the decrease in water transport by IBDUs resulting from 
AQP1 gene silencing by AQP I -siRNAs. This study is the first to demonstrate the 
feasibility of utilizing siRNAs to specifically reduce the expression of AQPs in epithelial 
cells and provides direct evidence of the contribution o f AQP 1 to water transport by 
biliary epithelia. 
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Type TV collagcnase (M(r) 72,000) expression in human prostate: benign and 
malignant tissue. 

Stearns ME , Waug M. 

Department. of Pathology, Medical College of Pennsylvania, Philadelphia 19129. 

The expression of type IV coilagenase (M(r) 72,000) has been examined in tissues from patients 
with benign prostatic hyperplasia (6 patients) and varying Gleason grades of malignant prostate 
cancer (18 patients). Immunoperoxidase labeling indicated that expression of the type IV 
coilagenase was weak or nonexistent in benign tissue but consistently strong in the glandular and 
ductal epithelial cells of prostate tumors diagnosed at Gleason grades 1-8. In moderate to 
advanced cancer (i.e., Gleason grades 2 to 8), invasive tumor foci in the stromal tissue produced 
relatively modest amounts of type IV coilagenase. The normal stromal tissue (i.e., Fibroblasts) 
uniformly failed to produce detectable levels of type IV coilagenase in the 24 patients examined. 
Northern and quantitative slot blot hybridization assays demonstrated that coilagenase type IV 
mRNA levels were low in benign tissue and high in malignant tumors. In contrast, the stromal 
cells did not express significant amounts of type IV coilagenase mRNA. Enzyme-linked 
immunosorbent assays demonstrated that the amounts of type IV coilagenase protein correlated 
directly with the mRNA levels in the tumor tissue. The studies suggest that type TV coilagenase 
may be selectively overexpressed by malignant, preinvasive prostatic epithelial cells. 
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TNF-alpha and IL-8 are upregulated in the epidermis of normal human 
skin after UVB exposure: correlation with neutrophil accumulation and E- 
selectiu expression. 

Strickland L Rhodes LE , Flanagan BF, Friedmann PS . 

Department of Dermatology, University of Liverpool, United Kingdom. 

The in vivo response to ultraviolet B (UVB) radiation in skin is characterized by the 
accumulation of both mononuclear and polymorphonuclear cells within the dermis and an 
induction of vascular endothelial adhesion molecules. Epidermal production of cytokines 
(IL-8 and TNF-alpha) has been strongly implicated in the development of UVB-induced 
inflammation. In the current study, we examined the time course of IL-8 and TNF-alpha 
mRNA and protein expression in the epidermis over a 24-h period after in vivo UVB 
irradiation. Also, the induction of adhesion molecule expression and the accumulation of 
neutrophils within the dermis were followed. We found constitutive expression of both 
cytokines (mRNA and protein) in the epidermis of unirradiated skin. IL-8 was rapidly 
upregulated after irradiation and mRNA and protein increased at 4 h, reaching a 
maximum between 8 and 24 h. TNF-alpha mRNA and protein was minimally increased 
by 8 h after UVB irradiation and reached a maximum by 24 h. No significant alteration in 
ICAM-1 or VCAM-l expression was observed. E-selectin expression, which was absent 
from control samples, was increased from 4 h onward and also reached a maximum at 24 
h, coinciding with peak neutrophil accumulation. A strong correlation (r = 0.96) was 
found between number of E-selectin-positive vessels and numbers of infiltrating 
neutrophils at this time. Moreover, because E-selectin expression was increased before 
any apparent increase in TNF-alpha protein (4 h), TNF-alpha does not appear to be 
involved in the early induction of the adhesion molecule, but cytokines such as TNF- 
alpha and IL-8 may act subsequently to augment the inflammatory response. 
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Basic fibroblast growth factor expression is increased in human renal 
fibrogenesis and may mediate autocrine fibroblast proliferation. 

Strutz F, Zeisberg M , Hemmerlein B . Sattler B, Hummel K Becker V . Muller GA . 

Department of Nephrology and Rheumatology, Georg- August-University Gottingen, 
Germany, fstrutz@gwdg.de 

BACKGROUND: Interstitial fibroblasts play a critical role in renal fibrogenesis, and 
autocrine proliferation of these cells may account for continuous matrix synthesis. Basic 
fibroblast growth factor (FGF-2) is mitogenic for most cells and exerts intracrine, 
autocrine, and paracrine effects on epithelial and mesenchymal cells. The aims of the 
present studies were to localize and quantitate the expression of FGF-2 in normal and 
pathologic human kidneys and to study the in vitro effects of FGF-2 on proliferation, 
differentiation, and matrix production of isolated cortical kidney fibroblasts. METHODS: 
FGF-2 protein expression was localized by immunofluoresence double labelings in 
normal and fibrotic human kidneys. Subsequently, interstitial FGF-2 labeling was 
determined semiquantitatively in 8 normal kidneys and 39 kidneys with variable degrees 
of interstitial fibrosis and was correlated with the morphometrically determined 
interstitial cortical volume. In addition, FGF-2 expression was quantitated by immunoblot 
analysis in three normal and six fibrotic kidneys. FGF-2 mRNA was localized by in situ 
hybridizations. Seven primary cortical fibroblast lines were established, and expression of 
FGF-2 and FGF receptor-1 (FGFR-1) were examined. The effects of FGF-2 on cell 
proliferation were determined by bromodeoxyuridine incorporation and cell counts, those 
on differentiation into myofibroblasts by staining for alpha-smooth muscle actin, and 
those on matrix synthesis by enzyme-linked immunosorbent assay for collagen type I and 
fibronectin. Finally, proliferative activity in vivo was evaluated by expression of MIB-1 
(Ki-67 antigen). RESULTS: In normal kidneys, FGF-2 expression was confined to 
glomerular, vascular, and a few tubular as well as interstitial fibroblast-Iike cells. The 
expression of FGF-2 protein was increased in human kidneys, with tubulointerstirial 
scarring correlating with the degree of interstitial fibrosis (r = 0.84, P < 0.01). 
Immunoblot analyses confirmed a significant increase in FGF-2 protein expression in 
kidneys with interstitial scarring. In situ hybridization studies demonstrated low-level 
detection of FGF-2 mRNA in normal kidneys. However, FGF-2 mRNA expression was 
robustly up-regulated in interstitial and tubular cells in end-stage kidneys, indicating that 
these cells are the source of excess FGF-2 protein. Primary cortical fibroblasts express 
FGF-2 and FGFR-1 in vitro. FGF-2 induced a robust growth response in these cells thai 
could be blocked specifically by a neutralizing FGF-2 antibody. Interestingly, the 
addition of the neutralizing antibody alone did reduce basal proliferation up to 31.5%. in 
addition, FGF-2 induced expression of alpha-smooth muscle actin up to 1.6-fold, but no 
significant effect was observed on the synthesis of collagen type 1 and fibronectin. 
Finally, staining for MIB-1 revealed a good correlation of interstitial FGF-2 positivity 



with interstitial and tubular proliferative activity (r = 0.71, P < 0.01 for interstitial 
proliferation, N = 30). CONCLUSIONS: Interstitial FGF-2 protein and mRNA 
expression correlate with interstitial scarring. FGF-2 is a strong mitogen for cortical 
kidney fibroblasts and may promote autocrine fibroblast growth. Expression of FGF-2 
correlates with interstitial and tubular proliferation in vivo. 
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Adiposity elevates plasma MCP-1 levels leading to the increased CD1 lb- 
positive monocytes in mice. 

Takahashi K, Mtzuarai S , Araki H , Mashiko S , Istiihara A , Kanatani A , Itadani H . 
Koran iH . 

Banyu Tsukuba Research Institute in collaboration with Merck Research Laboratories, 
Tsukuba, Ibaxaki 300-26 1 1 , Japan. 

Obesity is currently considered as an epidemic in the western world, and it represents a 
major risk factor for life-threatening diseases such as heart attack, stroke, diabetes, and 
cancer. Taking advantage of DNA microarray technology, we tried to identify the 
molecules explaining the relationship between obesity and vascular disorders, comparing 
mRNA expression of about 12,000 genes in white adipose tissue between normal, high 
fat diet-induced obesity (DIO) and d-Trp34 neuropeptide Y-induced obesity in mice. 
Expression of monocyte chemoattractant protein-1 (MCP-1 ) mRNA displayed a 7.2-fold 
increase in obese mice as compared with normal mice, leading to substantially elevated 
MCP-1 protein levels in adipocytes. MCP-l levels in plasma were also increased in DIO 
mice, and a strong correlation between plasma MCP-1 levels and body weight was 
identified- We also showed that elevated MCP-1 protein levels in plasma increased the 
CD1 lb-positive monocyte/macrophage population in DIO mice. Furthermore, infusion of 
MCP-1 into lean mice increased the CD1 lb-positive monocyte population without 
inducing changes in body weight. Given the importance of MCP-1 in activation of 
monocytes and subsequent atheroscl erotic development, these results suggest a novel role 
of adiposity in the development of vascular disorders. 

PMID: 13 129912 [PubMed - indexed for MEDLINE] 





168: Circulation 2002 Jan 29;l05(4):490-6. 




Related Articles, 



Links 



Augmented expression of neuronal nitric oxide synthase in the atria 
parasympathetically decreases heart rate during acute myocardial 
infarction in rats. 

Takimoro Y , Aoyaina T , Taaaka K , Kevamura R , Yni Sasavama S . 

Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan. 

BACKGROUND: Nitric oxide (NO) synthesized within sinoatrial cells recently has been 
shown to participate in the autonomic control of heart rate. We hypothesized that NO in 
the neuronal cells in the heart was increased and parasympathetically regulated heart rate 
after myocardial infarction (MI). METHODS AND RESULTS: We examined heart rate 
dynamics and neuronal NO synthase (nNOS) expression and activities in the atria of rats 
with MI 1, 3, 7, and 14 days after MI (n=7 to 22 for each group). Both die mRNA levels 
of nNOS in the atria determined by competitive reverse transcriptase-polymerase chain 
reaction and the protein levels determined by Western blotting were significantly 
increased compared with controls 1,3, and 7 days after ML nNOS activity in the atria 1 
day after infarction was also increased in MI rats. nNOS immunoreactivity was observed 
in nerve fibers in the atria. After infusion of a specific inhibitor of nNOS and iNOS, l-(2- 
trifluoromethylphenyl) imidazole (TRIM) (50 mg/kg IV), heart rate was significantly 
(P<0.01) increased in MI rats compared with controls 1, 3, and 7 days after MI. The 
iNOS-specific inhibitor, 1400W (10 mg/kg SC), did not significantly affect the heart rate 
in rats with ML The effect of TRIM was abolished by pretreatment with L-arginine (25 
mg/kg IV) or by parasympathetic blockade with atropine but not by propranolol. There 
was a strong correlation (r=0.837, P<0.0001) between the nNOS protein expression and 
heart rate change after TRIM infusion. CONCLUSIONS: These results indicate that 
increased nNOS parasympathetically decreased heart rate via the production of NO in 
rats with acute ML 
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Differentialupregulation of cellular adhesion molecules at the sites of 
oxidative stress iu experimental acute pancreatitis. 

Tclek G , Ducroc R , Scoazec JY. Pasquicr C . Feldmann G. Roze C . 

INSERM U 410, Uaiversite Pans 7 Denis Diderot, 75870 Paris, France. 

BACKGROUND: Severe acute pancreatitis (AP)(2) is associated with exaggerated 
leukocyte adherence and activation. Endothelial cellular adhesion molecules (CAMs) can 
be induced by cytokines, but also directly by oxygen free radicals (OFRs), mediated by 
nuclear factor kappa-B (NF-kappa B). We investigated the behavior of inducible CAMs 
in relation to pancreatic oxidative stress. Our novel modification of cerium capture 
histochemistry (reaction of OFRs witii cerium produces laser reflective Ce perhydroxide 
precipitates) combined with reflectance confocal laser scanning microscopy (CLSM) 
allows the histological codemonstration of in vivo OFR production and immunolabeled 
CAMs, or NF-kappa B. METHODS: Taurocholate AP was induced in rats; sham 
operated and norma] animals served as controls. To achieve in situ, in vivo reaction of 
cerium with OFRs, animals were perfused with CeCl(3) solution at different time points 
(1, 2, 8, 24 h) and then sacrificed. E-selectin, P-selectin, ICAM-1, VCAM, and NF-kappa 
B p65 were labeled by immunofluorescence (IF) on frozen sections of cerium perfused 
pancreata. IF and Ce perhydroxide reflectance were simultaneously detected by CLSM. 
Pancreatic gene expression of the same CAMs was quantified by competitive RT-PCR 
(MIMIC internal control). RESULTS: Control pancreata showed negligible reflectance 
and minimal CAM expression. Early (1, 2 h) AP samples were characterized by intense, 
heterogeneous acinar OFR production, strong P-selectin, and increasing ICAM 
expression, with nuclear translocation of p65, histologically all colocalizing with the 
areas of acinar oxidative stress. Adherent polymorphonuclear leukocytes (PMNs) 
displayed weak OFR formation. Later (8, 24 h), a slowly declining P-selectin, but 
persisting ICAM-1 expression, was paralleled by widespread adherence of PMNs 
producing surprisingly large amounts of OFRs. VCAM and E-seJectin showed a mild 
increase at 24 h. CAM gene activation was in good correlation with the protein 
expression. CONCLUSIONS: The early acinar oxidative stress is co localized with NF- 
kappa B activation, preferential P-selectin, and ICAM upregulation in this AP model. 
Subsequently, adherent, activated PMNs become the major source of OFRs, thereby 
contributing to tissue damage. Copyright 2001 Academic Press. 
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Myotonic dystrophy: an unstable CTG repeat in a protein kinase gene. 
Timchenko L , Monckton DG , Caskcy CT . 

Department of Molecular and Human Genetics, Baylor College of Medicine, Texas 
Medical Center, Houston 77030, USA. 

Myotonic dystrophy (DM) is caused by the amplification of CTG repeats in the 3 T 
untranslated region of a gene encoding a protein homologous to serine/threonine protein 
kinases. In DM patients the CTG repeats are extremely unstable, varying in length from 
patient to patient and generally increasing in length in successive generations. There is a 
strong correlation between the size of the repeats and the age of onset and severity of the 
disease. The molecular basis of the effect of the CTG expansion on the development of 
the DM phenotype continues to be investigated. The first working hypothesis of the 
molecular mechanism of DM was a reduction in steady-state myotonin-protein kinase 
(Mt-PK) mRNA and protein levels. However, although the consensus finding is that the 
Mt PK mRNA and protein levels are decreased in DM patients, it is still not clear if this 
reduction leads directly to the DM phenotype. In this short review we discuss the 
molecular aspects of CTG instability and the expression of the myotonin-protein kinase 
gene in normal and DM populations. 

Publication Types: 

• Review 

• Review, Tutorial 
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Induction of class 3 aldehyde dehydrogenase in the mouse hepatoma cell 
line Hepa-1 by various chemicals. 

Torroncn R , Korkalainen M . Karenlampi SO . 

Department of Physiology, University of Kuopio, Finland. 

The mouse hepatoma cell line Hepa-1 was shown to express an aldehyde dehydrogenase 
(ALDH) isozyme which was inducible by TCDD and carcinogenic polycyclic aromatic 
hydrocarbons. The induced activity could be detected with benzaldehyde as substrate and 
NADP as cofactor (B/NADP ALDH). As compared with rat liver and hepatoma cell 
lines, the response was moderate (maximally 5-fold). There was an apparent correlation 
between tiiis specific form of ALDH and aryl hydrocarbon hydroxylase (AHH) in the 
Hepa-1 wild-type cell line-in terms of inducibility by several chemicals. However, the 
magnitude of the response was clearly smaller for ALDH than for AHH. Southern blot 
analysis showed that a homologous gene (class 3 ALDH) was present in the rat and 
mouse genome. The gene was also expressed in Hepa-1 and there was a good correlation 
between the increase of class 3 ALDH-specific mRNA and B/NADP ALDH enzyme 
activity after exposure of the Hepa-1 cells to TCDD. It is concluded that class 3 ALDH is 
inducible by certain chemicals in the mouse hepatoma cell line, although the respective 
enzyme is not inducible in mouse liver in vivo. 
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Relationship between cyclin Dl and p21(Wafl/Cipl) during differentiation 
of human myeloid leukemia cell lines. 

Ulhnannova V , Stockbauer P , Hradcova M , Soucek J , Haskovec C . 

Department of Molecular Genetics, Institute of Hematology and Blood Transfusion, U 
Nemocnice 1, 128 20 Prague 2, Czech Republic. ullman@uhktxz 

Expression of cell cycle-regulating genes was studied in human myeloid leukemia cell 
lines ML- 1, ML-2 and ML-3 during induction of differentiation in vitro. 
Myelomonocytic differentiation was induced by phorbol ester (12-o-Tetradecanoyl- 
phorbol- 13-acetate, TP A), tumor necrosis factor alpha (TNFalpha) or interferon gamma 
(INFgarnma), or their combination. Differentiation (with the exception of TNFalpha 
alone) was accompanied by inhibition of DN A synthesis and cell cycle arrest. Inhibition 
of proliferation was associated with a decrease in the expression of cdc25A and cdc25B, 
cdk6 and Ki-67 genes, and with increased p21(Wafl/Cipl) gene expression, as measured 
by comparative RT-PCR Expression of the following genes was not changed after 
induction of differentiation: cyclin Al, cyclin D3, cyclin El and p27(Kipl). Surprisingly, 
cyclin Di expression was upregulated after induction by TP A, TNFalpha with 
IFNgamma or BA. Cyclin D2 was upregulated only after induction by BA. The results of 
the expression of the tested genes obtained by comparative RT-PCR were confirmed by 
quantitative real-time (RQ) RT-PCR and Western blotting. Quantitative RT-PCR showed 
as much as a 288-fold increase of cyclin Dl specific mRNA after a 24h induction by 
TP A. The upregulation of cyclin D I in differentiating cells seems to be compensated by 
the upregulation of p2 l(Wafl/Cipl).These results, besides others, point to a strong 
correlation between the expression of cyclin Dl and p21(Wafl/Cipl) on the one hand 
and differentiation on the other hand in human myeloid leukemic cells and reflect a rather 
complicated network regulating proliferation and differentiation of leukemic cells. 
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Intestinal carbamoyl phosphate synthase I in human and rat Expression 
during development shows species differences and mosaic expression ia 
duodenum of both species. 

Van Beers EH , Rings EH, Posthuma G, Dingemanse MA. TaminiauJA. Herma ns 
HS, Einerliand AW . Culler HA Dckker J . 

Pediatric Gastroenterology and Nutrition, Department Pediatrics, Emma Children's 
Hospital, Academic Medical Center, Amsterdam, The Netherlands. 

The clinical importance of carbamoyl phosphate synthase I (CPSI) relates to its capacity 
to metabolize ammonia, because CPSr deficiencies cause lethal serum ammonia levels 
Although some metabolic parameters concerning liver and intestinal CPSI have been 
reported, the extent to which enterocytes contribute to ammonia conversion remains 
unclear without a detailed description of its developmental and spatial expression 
patterns. Therefore, we determined the patterns of enterocytic CPSI mRNA and protein 
expression in human and rat intestine during embryonic and postnatal development, using 
m situ hybridization and immunohistochemistr)'. CPSI protein appeared during human 
embryogenesis in liver at 31-35 e. d. (embryonic days) before intestine (59 e.d.), whereas 
in rat CPSI detection m intestine (at 16 e.d.) preceded liver (20 e.d.). During all stages of 
development there was a good correlation between the expression of CPSI protein and 
mRNA in the intestinal epithelium. Strikingly, duodenal enterocytes in both species 
exhibited mosaic CPSI protein expression despite uniform CPSI mRNA expression in the 
epithelium and the presence of functional mitochondria in all epithelial cells. Unlike rat, 
CPSI in human embryos was expressed in liver before intestine. Although CPSI was 
primarily regulated at the transcriptional level, CPSI protein appeared mosaic in the 
duodenum of both species, possibly due to post-transcriptional regulation. 
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Malignant trausformatiou of the human endometrium is associated with 
overexpression of lactoferrin messenger RNA and protein. 

Waimer DK , Padin CJ , Wrona MA , Healy BE , Bentley RC Tsao MS , Kohler MF . 
McLachlan JA , Gray KD 

Department of Obstetrics and Gynecology, Duke University Medical Center, Durham 
North Carolina 27710. 

In the mouse uterus, lactoferrin is a major estrogen-inducible uterine secretory protein, 
and its expression correlates directly with the period of peak epithelial cell proliferation. 
In this study, we examine the expression of lactoferrin mRNA and protein in human 
endometrium, endometrial hyperplasias, and adenocarcinomas using 
irnmunohistochemistry, Western inimunoblotring, and Northern and in situ RNA 
hybridization techniques. Our results reveal that lactoferrin is expressed in normal 
cycling endometrium by a restricted number of glandular epithelial cells located deep in 
the zona basalis. Two thirds (8 of 12) of the endometrial adenocarcinomas examined 
overexpress lactoferrin. This tumor-associated increase in lactoferrin expression includes 
an elevation in the mRNA and protein of individual cells and an increase in the number 
of cells expressing the protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in lactoferrin. We also observe distinct 
cytoplasmic and nuclear immunostaining patterns under different fixation conditions in 
both normal and malignant epithelial cells, similar to those previously reported in the 
mouse reproductive tract: Serial sections of malignant specimens show a good correlation 
between the localization of lactoferrin mRNA and protein in individual epithelial cells by 
in situ RNA hybridization and irnmunohistochemistry. Although the degree of lactoferrin 
expression in the adenocarcinomas did not correlate with the tumor stage, grade, or depth 
of invasion in these 12 patients, there was a striking inverse correlation between the 
presence of progesterone receptors and lactoferrin in all 8 lactoferrin-positive 
adenocarcinomas. In summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed with menstruation and is 
frequently overexpressed by progesterone receptor-negative cells in endometrial 
adenocarcinomas. 
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Malignant Transformation of the Human Endometrium Is Associated with 
Overexpressiori of Lactoferrin Messenger RNA and Protein 

David K- Walmer, 5 Cheryl J. Padiu, Mark A. Wrona, Bridget E. Healy, Rex C Bcntley, Mirjg-Sound Tsao, 
Matthew F. KohJer, John A. McLachJan, and Karen D. Gray 
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ABSTRACT 

Id the mouse uterus, lactoferrin is a major estrogen-inducible uterine 
secretory protein, and lis expression correlates directly >viib ibe period of 
peak epithelial cell proliferation. In this study, we examine the expression 
of lacloferrin mRNA' and protein in human endometrium, endometrial 
hyperplasias, and adenocarcinomas using immun ©histochemistry, West- 
ern immunoblDtliDg, and Northern and in situ RNA hybridiiarion iech- 
tuques. Our results reveal lhat lacloferrin is expressed in normal eyclmg 
endometrium by a restricted number of glandular epiihelial cells located 
deep in the zona basaJis. Two thirds (8 of 12) of the endometrial adeno- 
carcinomas examined over express lactoferrin. This rumor- associated in- 
crease in lactoferrin expression includes an elevation In the roRNA and 
protein of individual cells and an increase In the number of cells express- 
ing the protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in bctofrrrin. We also 
observe distinct cytoplasmic and nuclear immunostaJmng patterns under 
different fixation conditions in both norma) and mabgnanl epithelial cells, 
similar to those previously reported in the mouse reproductive tract 
Serial sections of malignant specimens show a good correlation between 
the localization of lactoferrin mRNA and prolein in individual epithelial 
cells by in situ RNA hybridization and inmrun ©histochemistry. Although 
the degree of lactoferrin expression in the adenocarcinomas . did not 
correlate with the rumor stage, grade, or depth of invasion in these 12 
patients, there was a striking inverse correlation between the presence of 
progesterone receptors and lacloferrin in ail 8 lacioferrin-positive adeno- 
carcinomas. In summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed with menstru- 
ation and is frequently overexpressed by progesterone receptor-negative 
cells in endometrial adenocarcinomas. 



INTRODUCTION 

The uterus is a sex steroid- responsive organ that plays a major role 
in women's health. Hysterectomies were the most frequently per- 
formed major surgical procedures in a 20-year study interval 
(1965-1984; Ref. 1). Fifty-eight to 80% of these 12.5 million 
procedures were performed foi estrogen-related disoiders of prolifer- 
ation. Chronic unopposed estrogen exposure, roost commonly asso- 
ciated with type 11 ovulatory disorders, eventually leads to the devel- 
opment of complex endometrial hyperplasia and adenocarcinoma. 
Since the sex steroids, estrogen and progesterone, act on their target 
tissues by regulating the expression of a wide variety of signaling 
molecules, identifying these regulatory factors will provide critical 
information towajds undemanding norma] reproduction aDd repro- 
ductive tract pathology. Our current knowledge of estrogen and pro- 
gesterone action on the reproductive tract is based to a gieai extent on 
information collected from rodents (2). Although differences exist 
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between the reproductive physiology of rodents and bnmansv the 
mouse has been a useful mode] for studying steroid hormone action m 
the human female reproductive tract (3, 4). One potential regulatory 
molecule shown to be regulated by estrogen in the mouse reproductive 
met is lactoferrin. LadoUrrin is a basic glycoprotein with an extraor- 
dinarily high affinity for iron that was originally discovered in mflk. 
This protein is expressed in a wide variety of tissues, most notably in 
polymorphonuclear leukocytes and most mammalian exocrine glan- 
dular secretions. In the mammary gland (5) and the female reproduc- 
tive tract of the mouse (6-8), lactoferrin is regulated by endocrine 
hormones. Prolactin stimulates lactoferrin synthesis in the breast; 
whereas in the uterus and vagina, the ovarian sex steroid, 170- 
estradiol, is the inducer. (6, 7, 9). To date, lactoferrin is one of the few 
genes that have been identified in the rodent that are directly regulated 
by estradiol. The lactoferrin gene contains an ERE 2 that is important 
for. regulating its expression in vivo in the mouse reproductive tract 
Being linked to estradiol, the expression of lactoferrin by the uterine 
epithelium parallels the onset of DNA synthesis. Although sequencing 
information suggests that Ibe human lacloferrin gene also contains a 
functional imperfect ERE in the 5'-flaii]ring promoter region (10, 11), 
there is very little data regarding lactoferrin expression in the human 
female reproductive tract. 

The purpose of ouj study was to examine the expression of lacto- 
ferrin in the human endometrium under normal and pathological 
conditions by iinmunohistochemistry, immunoblotting, and Northern 
and in situ RNA hybridization techniques. In addition, we looked for 
correlations between lactoferrin expression and several parameters, 
such as the stage of the menstrual cycle, the distribution of estrogen 
and progesterone jeceptors, HER-2/neu expression, markers of cell 
proliferation, and the histopathological gjade and extent of myome- 
trial invasion in tbe adenocarcinomas. Our data demonstrates that 
lacloferrin is expressed in a very restricted number of glands in the 
basal region of normal human endometrium and is markedly overex- 
pressed in a significant number of the uterine adenocarcinomas by 
PR-negative cells. 



MATERIALS AND METHODS 

Tissue Preparation ond Histological Evaluation. Surgical paibology 
specimens were obtained born Duke University Medical Center (Ouiham, NQ 
and ihc Department of Pathology at MoDUeal General Hospital (Quebec. 
Montreal, Car.ada). Cycling endometrium was obtained from 22 women (age? 
31-^9). and atrophic endometrium was obtained bom 7 postmenopausal 
women (ages 64 -77). Hysterectomies from cycling women were performed 
tot subsejosal leiomyomas (n = 6).. pelvic relaxation (n ~ 8), pelvic pain 
(n = 4), ptiitoneal endomeuiosis [n - 2), and cancel ol eidrei tbe ejocervw 
In - 1) or the ovary (n = 1). In addition, 12 adcnocaicinoroas, 3 atypical 
complex hyperplasias, 5 cornpJex hyperplasias without aJypia, and 4 simple 
hyperplasias were analyzed. Each human uicrus was bivalved sbo/lly ah cf 
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hysterectomy, and endometrium was removed from tbc fimdal region. A full 
thickness biopsy was placed into either 10% neutral-buffered formalin or 
pouin's solution overnight at room temperature before dehydration paraffin 
embedding, and sectioning at 4 ftin on silanr2ed slides. Histological evalua- 
tions of hematoxylin and eosin-stained slides were performed blindly by one 
board-cemfied pathologist Normal endometrial samples were dated by the 
criteria of Noyes cj ol (12). Endometrial hyperplasias and carcinomas were 
classified according to the current recommendations, of the International 
Society of Gynecological Pathologists under the auspices of WHO (13). 
Histological grading of tumors was performed according to Federation Inter- 
^Donate dts Gynecologistes el Obstelristes criteria (14). Each specimen was 
jcad a minimum of three limes, and only specimens that were read consistently 
the same way were included in the study. Unstained sections of the same 
tissues were used foi the cyiochemical analysis of protein and mRNA expres- 
sion using specific reagents. A few endometrial samples were frozen for 
subsequent protein and RNA extraction, which were evaluated by Western and 
I<toribern blotting, respectively. All human tissues were handled with the 
precautions and the. guidelines required by Dulce University and National 
Institute of Environmental Hearth Sciences, 

Immunolocaliaation. Slides chosen for study were depa/affimzed and 
rinsed in 20% glacial aceric add at 4"Cfor 15 s to inhibit endogenous alkaline 
phosphatase. AH subsequent incubations and washes were at room tempera- 
ture. Sections were next equilibrated in PBS for 20 min and incubated for 20 
min with 3.5% normal goat serum diluted in PBS to block nonspecific binding. 
Detection of lactoferrin was performed primarily with a rabbit anti-human 
ta£tp{enin polyclonal antisera generated in our laboratory and affinity purified. 
Similar results were also seen with a d on affinity -purified commercial antisera 
(B5o2cnex, San Ramon, Ca). Following incubation at room temperature with 
primary antisera for 60 min, the sections were washed in PBS twice for 10 min 
each, and lactoferrin was localized using an alkaline phosphatase-biotm- 
suepiavidin detection system (Vectastain ABC-AP kit: Vector Laboratories, 
BurJingame, CA; or the Super Sensitive Detection System: Biogenex. San 
Ramon, CA). To identify nonspecific staining, preinnnune rabbit scrum was 
used in place of ibe primary anribody. The immunoreaction was quantitBted by 
determining ibe percentage of glands and Ibe percentage of cells siaining for 
lactoferrin in the zona basalis and the aona funetionaJis, with a minimum of 
300 cells counted in each region. PR antibody was provided by Geoffrey 
Greene (KD66), and a commercial source was also used (Biogenex, San 
Ramon, CA). Identical siaining patterns were confirmed with both prepara- 
tions. Other commercially obtained antisera include PCNA {BiogcDCX, San 
Ramon, CA), ER (ER1D5; AMAC, Wesibrook, Ma), M1B-1 (AMAC), and 
}VER-Z'neu (Biogenex, San Ramon, CA). The primary antisera incubations 
were 2 h for the PR, 1 b for PCNA, M1B-1, and ER, and 30 min for 
HER-Uneu. Antisera dilutions were 1:100 Jor M1B-3 and 1:20 for HER-2/neii. 
Antigen reuieval (Biogenex, San Ramon, CA) was performed before adding 
the progesterone primary antisera. 

Western Blot Analysis. Proteins were extracted from endometrial biopsies 
by bomogenization on ice in i% Triton-X and 20 m.M Tris-Hd (pH 7.4) with 
pioiease inhibitors (10 >ig/m) leupeptin. 200 KU/ml aprotinm, and 20 pg/ml 
phenylmetbylsulfonyl fluoride) and clarified by cenni/ugaiioo at 45,000 rpm 
for 30 min in a Beckman 70.1 Ti roror: then ihc supernatant was analyzed for 
protein concentration by tbe BCA protein assay (Pierce, Rockforrf, IX). Ali- 
quois of 200 /ig were separated by electrophoresis on an 8.5% SDS poJyac- 
rylamide gel, blotted onto nwoceDulosc mcmbianes, incubated with poly- 
clonal rabbit antihuman lactoferrin antisera, and localized with an "^-labeled 
donkey anti-rabbit immunoglobulin, 65 described previously (7). 

In Sim Hybridization. All slides were pretrcBted with 0.2 N HO for 50 
min at room temperature, digested with 1 rig/ml proteinase-K (Sigma Chein- 
icai Co.. Si. Louis.- MO) b 0.1 M Tris-BCl \pn 7.4VO.05 w EDTA for 15 mir. 
at 37°C. and then treated with 0.1 M irietbanolamiue-0-2:.% acetic anhydride 
for 5 min at room temperature and 0.] m Tris-glycine (pH 7.4) for 30 min at 
loom temperature. The sections were subsequently dehydrated with graded 
"hanol, ait Oncii t and prtbybridized at 50" C for ) b in 2 * SSC 30 niM DTT, 
5 X Derrhardl's solution, 100 pe/ml of botb salmon sperm DNA and yeast 
iRNA and 50% fprmamidc (15). The sbdes were tben hybridized overnigbt at 
50*C in the same medium witb 10% dotran juUdu and 2 X 30* cpnV jjJ ol tbc 
ipecific RNA probe. The lactoferrirj oligonucleotide probe was amplified by 
PCR using primers that spinntd nucleotides 718-3654 (10) and cloned into 
PGEM-4Z. "S-labelcd sense and anusensc RNA probe* were made wiih tbc 



Promcga Riboprobe kit (Promeea, Madison, Wi), washed twice in 1 X SSC for 
10 min at room temperature, digested with RNasc [Z8 >g/ml RNase-A, 03 
wg/nd RNasc Tl, 10 mM Tris-HCJ (pH 7.4), and 15 dim NaOJ, and washed 
again with 1 x SSC twice for 20 min each time at 50*Q twice for 20 m 
0J X SSC at 55*C, and once for 20 min at 60*C Tbe sections were then 
dehydrated and dipped in Kodak autoradiographic emulsion (NTB-2) for 
detection of specific mRNA expression. The slides were allowed to develop for 
2 weeks. After this period, the sHdes were developed using Kodak D19 
developer and Kodak Rapid Fixer. 

Northern RNA Analysis. Total cellular RNA was purified from froieo 
tissue by the guanidine isothiocyaiuitc-cesJum chloride method, and poly(A*> 
RNA was isolated by o)igo(dT>cellulose chromatography using methods 
described previously (15). For Northern blot analysis, poly(A*>.RNA 'was 
resolved by electrophoresis on 1.5% formaldehyde agarose gels, stained witb 
ethidinm bromide, and Uansferred to a nylon membrane. The membrane was 
probed with a ^P-labeled btfoferrin cDNA derived from human uterus (nu- 
cleotides 718-1654; accession no. S52659) using PCR techniques* followed 
by cloning into pGEM~4Z (Proroega, Madison, WI). Id order to insure that ibe 
quality and quantity of RNA analyzed by Northern blotting was equivalent 
between control and wealed groups, the Hot was probed simultaneously for 
. glyceraldehydc-3-pbosphate dehydrogenase. 
. Statistical Analysis. Values are presented as means ± SD. Differences 
between the zona basalis and functionalis were tested by the two-tafled 
Student's r tesL 

RESULTS 

lmmunohistochemical Analysis of lactoferrin Protein 

Normal Cycling Endometrium. Inarnvnohistochemical studies of 
normal cycling human endometrium localize lactoferrin protein pre- 
dominantly to tbe glandular epithelium deep in the zona basalis and 
not to the functionalis (Kg. 1A> The association of Jactoferrin protein 
expression with the zona basalis is statisticaUy significant. (P < 0.001; 
Fig. 2). TVo to 56% of the glands express lactoferrin at any given time 
during the menstrual cycle. Within positive glands, lactoferrin protein 
immunolocal nation is heterogeneous in that positively staining epi- 
thelial cells are interspersed with cells negative for lactoferrin expres- 
sion. No apparent differences in morphology, PCNA, ER, or PR 
expression are seen to account for the heterogeneous pattern of intra^ 
and inter gland lactoferrin expression in normal endometrium. Similar 
to our pievious findings in mouse uteriDC epithelial cells, the positive- 
staining glandular cells of the human endometrium demonstrate two 
distinct immunostaining patterns for Jactoferrin, cytoplasmic and nu- 
clear {Fig. 1JB), seen with botb formalin and Bouin's fixation. Jn 
evaluating the temporal expression of Jactoferrin, there is a trend 
towards more glands expressing lactoferrin during the secretory 
phase. Because of the large variance, the trend is not statistically 
significant. As expected, the polymorphonuclear leukocytes in the 
endometrium also stain intensely for lactofenin protein, which is 
stored in their secondary granules (Fig. 3). These results demonstrate, 
for tbe first time, that Jactoferrin piotein is expressed in tbe human 
endomeuiuro predominately by polymorphonuclear leukocytes and 
epithelial cells of glands located deep in tbe zona basalis. 

Proliferative Endometrial Disorders: Hyperplasias and Adeno- 
carcinomas. 1mm unohistoche mis try reveals that the cxpiession of 
larjcfrnw fiNeJo i< ioocasrd in 66.6% (S nf 32) oi ihr endometriaJ 
adenocarcinomas examined. In one- half of these cases (4 of 12), 
JacioferriD is intensely expressed by malignant epithelial cells 
throughout the entire tumors (Fig. 4). The other four adenocarcinomas 
demons traic increased staining for lactofenin in concentrated regions 
of the nrrnois. In all eight cases where laciolenin expiession is 
clcvaied, the ce lis exptessing lactoferrin have one similarity w-itb 
normal positive glands in that they demonstrate heterogeneous stain- 
ing of interspersed positive and negative cells. However, the expres- 
sion ol iaciofenin by tbc malignant cells clearly differs from normal 
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Flj 1. Localization of lactofenin protein in normal cycling endometrium by imxm>- 
nobistochenmoy csing a specific polyclonal »nDbody. Onr analysis rcv«ls ih>t laciof- 
cmo protein Is pruenl bi » limited ncmbe/ of glands looted in ihe zona baselis of tbe 
cndomcoiDro X 10. Also, note that bciofcmD is heterogeneous within positive 
f lands, exits staining for lactofenin arc inlerxpeTScd with negative -staining cpitbtfoJ 
cells throughout the gland. Two immonohijtocbcinica] staining pBttcms are noted (or 
lactofenin in normal mcrine epithelium. In ont pattern, iacioierrtn protein is immunolo- 
calized primarily over the cytoplasm (BJ\ and in the other,, tbt staining is seen over the 
nudens (B2); X 40. 



positive glands id ibaf tbc lactoferrin is not limited to the basal regions 
of the tumors, many more ccDs are positive, and the relative intensity 
of the staining ovei individuals celJs is increased. Although increased 
lactoferrin expression is associated with malignant transformation, we ' 
do not find a correlation between lactofenin protein presence and the 
stage, nuclear giade, Federation Internationale des Gync col og isles el 
Obstetristes grade, or tbe depth of myometrial invasion in ihe 12 
tumors studied (Table J). In sharp contrast to the common dys regu- 
lation of lactofcrrin expression found in the malignant endometrium, 
only J of 10 endometrial hyperplasia specimens evaluated contained 
an increased number of cells staining for Jacioferrin. The hyperplastic 
specimen over expressing lactofenrin was read as complex without 
atypia. 

hi Situ and Northern Analyses of Lactoferrin mRNA 
Expression in Normal and Malignanl Endometrium 

To further our understanding of »hc location of lactofenin protein 
synthesis in ihe human endometrium, we examined lactofenin mRNA 
expression by in situ and Nonhem hybridization using specific 33 S- 
Jabeled probes for human lactofenin. No detectable RNA hybridiza- 
tion is observed in ihe normal endometrium by in situ hybridization, 
even in ihe presence of irorounodeteciable protein, usins equivaleni 
hybridization conditions and development limes as used for the ade- 
nocarcinomas. Consisieni wiih ihe results obtained by in situ hybrid- 
ization, long exposure times were. required to denronstrare laciofenin 
niRNA in normal endometrium by Northern blot using po)v(A*)- 
mRNA. This indicates that laciofenin mRNA is present in nonnal 
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tissue but in very low levels, consistent with tbe very limited pattern 
of protein expression in normal endometrium. Equivaleni RNA load- 
ing and quality for each specimen was demonstrated by etbidiurn 
bromide staining of the RNA gels (data not shown) and by probing for 
the housekeeping gene g)yceraldebyde-3-phosphate dehydrogenase 
that does not fluctuate significantly with tbe metabolic state of the 
tissue. A representative Northern Wot is shown in Fig. 5. In situ 
hybridization with several adenocarcinomas reveals that there is a 
direct correlation between the localization of lactofenin mRNA and 
the immunos laming of expressed lactofenin protein (Fig. 4). Lactof- 
errin mRNA is not associated with polymorphonuclear leukocytes by 
in situ hybridization in either normal or malignant tissue. - 

Western Blot Analysis 

To confirm the specificity of tbe antisera that wc used for immu- 
nomstocheroistry, we pexrbnneJ Western biot ana/ysrs on proteins 
extracted from both normal and malignant endometrium which were 
separated by 83% SDS-polyacryl amide gel electrophoresis (Fig. 6>. 
Immunoblotting identified a single broad protein band with a molec- 
ular weight between 70,000- 80,000 in both normal and neoplastic 
endometrial tissue bomogenates, consistent with tbe reported molec- 
ular weight of human lactofcrrin. Supporting the irnrounocytocbemi- 
caJ analysis, a representative immunoblot clearly demonstrates that 
the proportion of protein that is lactofenin is markedly increased in 
tbe adenocarcinomas in comparison to the normal endometrium. Tbe 
molecular weight of la aof errin in the adenocarcinomas appears to 
have a slightly higher molecular weight that the predominant form in 
normal tissue. 
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Fig. 2. Percentage of endomeirial elands opt rising Isciofertift piotein by imD>t"»°" 
histochemistry. Significantly rwie -lands arc positive in tbc region ol tbe jooa basalis 
than in the 3 on* function! Us of tbe endomcurum \P < 0.001). Zona basal is, »: *° n * 
funciio»>!*&. B Although their 13 a ucDd towards moie ol the baislb elands rxprcv>t»S 
lactrjenin in the secretory phase (right ■ compared with the Uh »), ibis nC * 
statistically iif niJ»o»t. 
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Fi£. 3. PolrroorphonucJcBr leukocytes (oa/wj) art scalteud ihfougbom the endomt* 
Dium and si&in intensely loi lacio/crrin. Lad of err in is • known component of tbe 
sreondary granules in poljroorphonuclt»» leukocytes. Tht prcicncc of a segmented 
nucleus snd Isaofemn jwojein is sn exccllcm method lo? identifying this group of 
bCsmmaforj cells, x 20. X 60. 



Correlation of Lactoferrin Expression wiih tbe Expression of 
PCNA, Ki-67, HER-2/nru, ER, and PR 

In an attempt to characterize the phenotype of endometrial cells 
which express lactofenin, we performed irorounohisiochemistry on 
serial sections for tbe Ki-67 antigen, PCNA, HER-2/new, lactofenin, 
ER, and PR. In normal tissue, Ki-67 and PCNA expression are cell 
cycle- specific markers of ce)J proliferation (16, 17). Upon analysis of 
normal cycling endometrium, no relationship between lacioferrin pro- 
tein expression and ER, PR, or Ki-67 expression was observed. 
Similarly, irj most of tbe adenocarcinomas evaluated, no lelationship 
was noicd between lactofenin and PCNA pioiein expression. How- 
tvei, in one adenocarcinoma (Fig. 7), ihere was a clear inverse 
lelationship seen between lacioferrin and PCNA localization, which 
was present throughout the entire tumor. Most dramatic, however, was 
a striking inverse conelation seen berween lacioferrin and PR expres- 
sion in 8 of 8 PR-positive uterine adenocarcinomas (Fig. 7). Two 
tumors negative for PR also did noi express lactoferrin. Although an 
inverse conelation was also suggested wiih HER-2//ict/ and PR, (he 
inverse correlation was more precise with lacioferrin in these tumors. 

DISCUSSION 

In the mouse uterus, lactoierrin is an csu open- induced uierine 
secreiory proicin thai is present throughout ihr cpiihclium (7), and it 



is expressed concomitantly with epithelial cell proliferation. In con- 
trast to lactoferrin *s 'ubiquitous expression in the estrogenized mouse 
uterine epitheUum, Jaciofenin protein is limited to glandular epithelial 
cells in the basal regions of normal human endometrium and usuaDy 
to glands thai were directly adjacent to the myometrium (ie., the 
deepest glands of the zona basalis). This regional localization of 
lactoferrin expression is not surprising in that other biochemical 
parameters have been reported to show site specificity to primate 
endometrium. These parameters include the proliferative index and 
the expression of the secretory component of IgA (18). Similar to our 
observations in the endometrium, lactoferrin is also expressed region- 
ally in the mammary gland. In bovine breast tissue, lactoferrin is 
localized primarily to the basal alveolar cells (19); whereas in human 
breast tissue, the ductal epithelium appears to be tbe primary source of 
secreted lactofenin during lactation (20). 

Examining the endometrium on different days of the menstrua] 
cycle demonstrates a trend towards mcj eased lactoferrin expression 
during the luteal phase. Although this data is not statistically signif- 
icant, the cyclic variation may be biologically relevant Kim etaL (21) 
recently reported thai the basal endometrial epithelial cells are unique 
because they proliferate during the postovulatory luteal phase. Inter- 
estingly, in the mouse uterus, there is a direct correlation between 
lactofenin expression and epithelial cell proliferation (6). Therefore, 
lacioferrin may have a similar role in the human and mouse endome- 
trium. If Jaciofenin expression is- cyclic, the ERE in the 5 '-flanking 
promotej region of the human lactofenin gene may be activated 
during the luteal phase (10, II). 

Another similarity between human and mouse uterine lacioferrin 
expression is the observation of two immunobisiochemical staining 
patterns. In one pattern, the antisera binds primarily over the cyto- 
plasm, and in the other, tbe nucleus is the primary site of localization. 
Although this could represent a fixation artifact, wc have now ob- 
served this pattern in two species and under different fixation condi- 
tions. It has been demonstrated that signaling peptides, i.e.. platelet- 
derived growth factor (22), lnt-2 (23), and probasin (24), can be 
selectively directed into the nucleus, cytoplasm, or secreted. It is 
believed that this differential processing may allow proteins to have 
intracrine, autocrine, and paracrine roles, depending on the physio- 
logical state of the cell. The rwo localization patterns observed suggest 
that lactoferrin might have signaling sequences thai direct the final 
destination of the mature peptide. 

In normal endometrium, lactoferrin mRNA is present bul in very 
low levels. Prolonged exposure times are needed lo visualize the 
mRNA band with Northern analysis. Although with in situ hybrid- 
ization the lactoferrin mRNA signal is easily seen in adenocarcino- 
mas, we failed to localize the lactoferrin roRNA in normal endome- 
trium using an equivalent exposure time. These low levels of mRNA 
in normal endometrium suggest that the synthesis and degradation of 
laciofenin mRNA is more tightly regulated in normal tissue than in 
die adenocarcinomas. Because of the low levels of message in normal 
tissue, we are unable at this time to definitively conclude that lacto- 
fenin mRNA is synthesized by lire same epithelial cells which express 
tbe protein. 

ln endometrial adenocarcinomas, malignant transformation of the 
endometrium is associated wiih the up-regulaiion of lactofenin 
mRNA and protein biosynthesis. The up- regulation at the RNA level 
is demonstrated by an increase in steady-state RNA levels using both 
in sirv hybridization and Northern analysis techniques. In these can- 
cers, we also observe an increase in the number of lacroferr in-positive 
cells, which express both ihe protein and mRNA. In this study, 8 of 
ibe 12 adenocarcinomas evaluated oveiexpress lacioferrin, compared 
wiih only 1 of 10 hyperplastic specimens. The form of lactoferr in 
protein extracted from endometrial adenocarcinomas appears to have 
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Fig. 4. Co)oaEi*toon of Uctoferrin protein (ie/i pantU) and 
mRNA (njnr panels) in a Dermal pjolilerarjve endometrium and 
endometrial »dcnocardnoin?> by performing immunohisroebcxab- 
rry and in «tu RNA hybridization on serial sections. Dual analysis 
of protein and mRNA cxpitssicB reveals chat glands in norma] 
cndonwirium do not have detectable mRNA, is measured by m tim 
hybridation (top panels; X 40), whereas analysis oi the adeno- 
carcinomas dearly deroonsiraies a dijea correlation between pro- 
tein sod KNA expression lor J 9a of en in (niddte and bottom paneir, 
X 10> Note that baoferTin protein and mRNA is distributed, in a 
heterogeneous pattern in the epithelial cells of (be adenocarcinomas. 
As is shown in fig. 1, » heterogeneous staining pattern for laciof- 
' errin protein is »ko seen frequently fn normal endometrium. 
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a slightly higher molecular wcighl than the protein present in normal 
tissue. This could be due 10 alterations in the processing of ihe 
lactoferriD mRNA, protein, or glycosylation by ibe malignant cells. 
Alternatively, there could be minor differences between lactoferrin 
protein which is present in neutrophils and the form synthesized by 
uterine epithelial cells. We suggest two hypotheses to explain lactof- 
errin over oppression in endometrial adenocarcinomas, lb the first 
hypothesis, lactoferrin biosynthesis is deregulated by the same pro- 
cesses that lead to the malignant transformation of endometrium, lf 
this hypothesis, is true then lactoferrin may be a useful marVej for 
endometrial adenocarcinoma investigation, and further research is 
needed to determine whelheT lactoferrin plays a contributing role in 
the malignant transformation. A second hypothesis is that lacioferrin- 
positive human endometrial adenocaicinomas evolve from tbe clonal 
expansion of cells residing in the regenerative zone {zona basalis) of 
normal endometrium. It is interesting to speculate that lactoferrin 
expression in endometrial cancer may be Jinked to estrogen action in 



some way, since proliferative disorders of human endometrium are 
linked to ctoonic estrogen exposure over several years and sequencing 
data suggests that the promoter for the human lactoferrin gene does 
contain an ERE. 

Although the function of lactoferrin is unknown, a variety of 
biological ioJes have been proposed for lactoferrin which could link 
this protein to a role in cancer, including the regulation of DNA 
synthesis (25-29), modulation of the immune response (25, 30, 33), 
and iron transport (32). Some forms of lactoferrin are jeported 10 have 
RNasc activity (33, 34). Secreted RNases are involved in develop- 
ment, reproductive function, neoplasia, angiogenesis, and immune 
suppjession. (35, 36) If angiogenesis and immunosuppression are 
components of Jacioferrin RNase activity, these properties could pro- 
mote tumor growth. 

In the endometrial adenocarcinomas, we observed a heterogeneous 
expression paitern foi lactoferrin, PCNA, Her-2//iei/, ER, and PR- 
With regard to prognosis, patient survival is reportedly worse when 



Table 1 Correiotion of laciof errin and PR expression in htnneui rtidomctrio) euienoforc itiomas 
An inverse correlation indicates thai taoolerrin and progesterone weie not expressed in 0»c same regions of the tumor hy immunohisiochcmiol rnalysSs. PR »»s delected vn'th the 
anusera K06S, and iBctofcrrin wis detected by a specific polyclonal ambcra. 



Type of cancer 


■ Age 


Stage 


Therapy 


BGO" 
grade 


Lymph 
nodes 


Myomcirial 
invasion % 


Laciolerrin 
expressed 


Inverse correlation 
wiih PR 


En dome D jo id 


3? 


1 


None 




0/12 


0 


No 


No 


Endometrioid 


61 


1 


Estrogen 


. 1-3 


ND 


60 


Yes 


Yes 


EndomeokmJ 


67 


1 


Estrogen 


2-5 


ND 


60 


Yes 


Y« 


Endomctiioic, squamous di/lcr: filiation 


39 


Is 


None 


2 


ND 


0 


Yes 


Yes 


Endometrioid 


69 


lb 


None 


1 


ND 


29 


No 


No 


Endometrioid 


57 


lb 


Not* 


1 


ND 


36 


Yes 


Yes 


Endometrioid 


72 


lb 


None * 


2-? 


0/15 




Y« 


Yes 


Endomcnioid^ 

Endometrioid, squamou* difletenuBiion 


67 


U 


Ejoogcn 


1 


ND 


50 


Yes 


Yes 


62 


22 


None 


t 


ND 


SO 


No 


No 


Endomenioid 


78 


2a 


None 


2 


0/37 


5 


Yes 


Yes 


Endonjeirioid. squamous dLflr imitation 


61 


3c 


None 


3 


1/27 


50 


No 


No 


Endometrioid 




4b 


None 


2-3 


ND 


75 


Yes 


Yes 


* FJGO, Fcdtribon International* dc« Cynccclogistcs rt ObrteUisies; ND, not dont. 
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Fig, 5 Northern analysis of lactofrrtin mRNA expression confirms thai endometrial 
adenocarcinomas (loner 5 and V) sigmficaotly overexp/ess the 2 .5-kilobase uanscript of 
human lacloferrin is comparison to normal endometrium (Lonts J and 2). Tbe Nonbexn 
hybridization data supports die **» siru RNA results and confirms thai lnctofe/rin RNA 
expression is dysregulalrd io uterine adenocarcinomas. Norma) uterine tissues appear to 
contain low steady-state RNA UveJs of lactoicmn, reflecting > controlled pattern of 
protein expression. Eouivalcnl RNA loading and. quality for each specimen was demoo- 
si/aied by elhidiusn bromide staining of the RNA gels (data not shown) and by probing for 
t housekeeping gent (^Jyceraldehyde-S-phosphate dehydrogenase) that does not Ouctuate 
significantly with the metabolic state of the tissue. 



LACTOFERRIN DEREGULATION IN ENDOMETRIAL CANCER 

endometrial adenocarcinomas lose sex steroid receptors (37, 38), h ave 
a higher proliferative index (39), and demonstrate DNA aneuploidy. 
During the rumor progression of endometrial adenocarcinomas, it 
appears that the loss of steroid hormone receptors occurs earlier than 
either the increase in proliferation rate or tbe development of DNA 
aneuploidy (40), In out study, we note a striking inverse correlation 
between the expression of lactoferrin and PR in the endometrial 
adenocarcinomas. An inverse relationship also has been described for 
HER-2/neu and PR in endometrial adenocarcinomas that correlates 
with patient prognosis. Furthermore, in cancers of the human endo- 
metrium, ovary and breast Ber-2//u?w expression has been associated 
with advanced disease and poor survival (41-43). HER-2/neu is an 
oncogene that shares sequence homology with tbe epidermal growth 
factor receptor and is speculated to contribute, to aberrant growth. Of 
note is that lactoferrin biosynthesis in the mouse uterus is associated 
with the expression of the* epidermal growth factor. Like HER-2/neu, 
the epidermal growth factor receptor is also frequently overtxpressed 
in PR- negative Cells of endometrial adenocarcinomas (44). The am- 
plification of growth factor receptor expression in PR-negative endo- 
metrial adenocarcinomas may be associated with the acquisition of 
growth autonomy and hormone independence, which may contribute 
to the poorer prognosis of PR-negative endometrial carcinomas (45). 
Some endometrial adenocarcinomas, including recurrent tumors, can 
be treated successfully with progesterone therapy (46, 47). Although 
the significance of the inverse relationship between lacloferrin and PR 
expression is not known, we speculate that ihe PR-negative cells do 
not undergo ihe normal growth inhibition and secretory differentiation 
normally associated with progesterone action. 

A survey of human tissues reveals that lactoferrin is expressed by 
most normal mammalian exocrine glands and may be a prognostic 
marker in tumors (20). Lactoferrin is found in normal ductule breast 
epithelium and in primary breast carcinomas. In breast tumors, there 
is an inverse correlation between lactoferrin and ERs (20). Notably, 
laciof enin expression in breast cancer may fall into tbe same category 



A. Jmmunoblot 



B. Coomassie Blue 
Protein Staining 



Fig. 6. Wesuro blot analysis using an antiserum 
specifcc for human lactoferrin »^s performed on 
proteins caltacttd horn normal and miligrunt en- 
dometrium and separated by SPS-polyacrylamide 
?el electrophoresis. A broad protein band with a 
molecular weight between 70,000 and 30.000 is 
detected in both normal and neoplastic endometrial 
tissue homogrnatei, consistent with the reported 
moltculai weight ol human lacto/errin (A\ Tbe 
most significant observation from the immunoblol- 
ting studies is that lactoferrin ptoteb; is markedly 
clcvaifd in ibe adenocarcinomas, in comparison to 
norma) endometrium, which supports tbe unrnuno- 
cytochcnicil anafysi; tfisl derooDSlrales » greater 
number of cells positive for laoolenin protein in 
the uterine tumors. B. tbr relative unount of protein 
loaded in each lane b) Coomassie blue staining. 
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Fig. 7. CojjcUtttm of lacrof errin F^tu» «p«S- 
$5d» xvjib tbc PCNA, a marker ol proliferation, and 
PR as measured by inummohistochcinisuy per- 
formed on serial sections; X 20. b» most cases, no 
rtlaucmshJp between lactolcrrin and PCNA expres- 
sion is found b either normal or maligna* tndo- 
mtlmrrn (data not shmvn> However, in 1 of 12 
idcnocaicinomjs, «» inverse correlation a seen 
between lanofcnin (A) and PCNA (*) localiza- 
tion. This sinking pattern ~*s consistent through- 
out the entire tumor., suggesting the possihfljty of 
cell cyck regulation of ladofenin e*j>r«sao» » 
this adei>c<«dnonia. Tbe bcnompcntls exhibit aa 
inverse correlation between betofenin (Q and PR 
expression (D), which was seen in aM "jhitDOO- 
mctriaJ adcnocurinomas which cxprfsstd PR. 



1ACTOFERSIK DYSRECULATION D* ENDOMETRIAL CAUCE* 

LTF 



PCNA 





LTF 




as the otbei makers for ER-Dcgativc tumors, such as amplification of 
EGF receptor, trausfoimiDg growth factor a expres- 

sion, which arc associated with poor prognosis. Id gastric carcinomas, 
JactofcrriD expression is associated with transformation of specific 
cell types including iniestmaJ-type carcinomas, adenomas, and incom- 
plete intestinal metaplasias (28). Although this is complete specula- 
tion al this rime, perhaps lacio/errin over expression in the various 
malignancies may complement tbc actions of the growth factor path- 
way molecules and contribute to the autonomous growth of these 
mmois. 

In conclusion, our studies reveal that lactofenin is. associated 
with a unique population of epithelial cells in tbe zona basaJis and 
that lactoferrm overcxpressioD may be associated with malignant 
tiansforroation of the human endometrium. Further studies are 
needed to elucidate the role of lactoferrio in normal and patholog- 
ical endometrial physiology. 
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ABSTRACT 

As the rale of gene discovery accelerates, more efficient methods are 
needed to analyze genes in human tissues. To assess the efficiency, sensi- 
tivity, and specificity of different methods, alterations of TP53 were 
independently evaluated in 108 ovarian tumors by conventional DNA 
sequence analysis and oligonucleotide microarray (p53 GeneChip). All 
mutations identified by oligonucleotide microarray and all disagreements 
with conventional gel-based DNA sequence analysis were confirmed by 
re-analysis with manual and automated dideoxy DNA sequencing. A total 
of 77 ovarian cancers were identified as having TP53 mutations by one of 
the two approaches, 71 by microarray and 63 by gel-based DNA sequence 
analysis. The same mutation was identified in 57 ovarian cancers, and the 
same wild type TPS3 sequence was observed in 31 ovarian cancers by both 
methods, for a concordance rate of 81%. Among the mutation analyses 
discordant by these methods for TP53 sequence were 14 cases identified as 
mutated by microarray but not by conventional DNA sequence analysis 
and 6 cases identified as mutated by conventional DNA sequence analysis 
but not by microarray. Overall, the oligonucleotide microarray demon- 
strated a 94% accuracy rate, a 92%- sensitivity, and an 100% specificity. 
Conventional DNA sequence analysis demonstrated an 87% accuracy 
rate, 82% sensitivity, and a 100% specificity. Patients with TF53 muta- 
tions had significantly shorter overall survival than those with no muta- 
tion (P = 0.02). Women with mutations in )oop2, loop3, or the loop-sheel- 
helix domain had shorter survival than women with other mutations or 
women with no mutations (P - 0.01). Although further refinement would 
be helpful to improve the defection of certain types of TPS3 alterations, 
oligonucleotide microarrays were shown to be a powerful and effective 
tool for TP53 mutation detection. 



INTRODUCTION 

TP '53 mutations are the most common genetic alterations in human 
malignancies. About 570 different TP53 mutations have been identi- 
fied by analysis of more than 8000 human cancers since 1989 (1). 
Most mutations were identified by conventional methods such as 
SSCP 3 and DNA sequencing. Other methods, such as denaturing 
gradient gel electrophoresis, heleroduplex analysis, and cleavage 
methods (2), have also been used. In general, these traditional gel- 
based sequencing methods are relatively time-consuming, labor- 
intensive, sequential processes. Relatively few studies have analyzed 
the entire coding sequence from exons 2 through II. Therefore, 
current estimates of 77*53 alterations and its mutational spectrum may 
be incomplete. A more accurate and rapid method would provide 
more complete information in future studies of TP3 3. Methods based 
on hybridization of test DNA or RNA with multiple, defined oJigo- 
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nucleotides or cDNA probes attached to a solid glass or nylon matrix 
have been developed and are referred to as "oligonucleotide microar- 
rays" or "DNA jiHcroarTays" or "gene chips." By analyzing different 
hybridization patterns or levels between control and test DNA or 
RNA, oligonucleotide microarrays have been used for the analysis of 
known genes (such as TP53 y BRCA1, the ataxia-telangiectasia gene, 
the cystic fibrosis transmembrane conductance regulator gene, HIV 
reverse transcriptase and protease genes, and Ihe cytochrome P450 
gene), de novo DNA sequencing, comparative sequence analysis, and 
gene expression studies (3-5). However, relatively little is known 
about the sensitivity and specificity of microarray methods compared 
with gel-based DNA sequence analysis. In this study, we compared 
TP53 mutations detected by conventional gel-based DNA sequence 
analysis with those identified by oligonucleotide microarray (p53 
GeneChip) in 108 ovarian cancers. The relationship between TPS 3' 
mutations and palient survival was also evaluated. 

MATERIALS AND METHODS 

Tumor Specimens. Clinical information and TP 53 alterations identified by 
SSCP and conventional sequence analysis from most of these cases has been 
reported separately (6). The 108 ovarian carcinomas studied here for TP53 
alterations included 77 serous carcinomas, 5 mucinous carcinomas, 12 endo- 
metrioid carcinomas, 5 clear cell carcinomas, 7 mixed epithelial carcinomas, 
and 2 undifferentiated ovarian adenocarcinomas. 

DNA Extraction. Genomic DNA from 108 frozen ovarian epithelial car- 
cinomas, available through the University of Southern California Tumor and 
Tissue Bank, was analyzed for TP 5 3 mutations. Frozen tissue sections stained 
with H&E xvere used to confirm that the tumor tissue selected for analysis was 
composed predominantly of tumor cells. DNA was extracted from 10 to 20 
serial frozen tissue sections (10 pm thick) of the tumor collected in Eppendorf 
tubes. The extraction solution consisted of 300 jxl of 10 mM Tris-HCl, 25 niM 
EDTA, 100 mM NaCl. 0.5% SDS, and Proteinase K (0.1 mg/ml) incubated 
overnight at 50°C. After complete digestion, DNA was purified by centrifu- 
gation after deproteination with pbenol:cbloroform:isoamyl alcohol (50:49:1) 
treatment and precipitation with ethanol and sodium acetate (3 m; pH 5.2) 
overnight at -20°C The DNA yield was determined by spectrophotometry 
and analyzed by SSCP. DNA sequence analysis (6), automated DNA sequence 
analysis (7 r 8). and p53 GeneChip assay as described below. 

SSCP- The PCR was used to amplify each of the exons contributing lo the 
open reading frame of the TP53 gene. Each of the oligonucleotide primer pairs 
was designed to span not only the exon of interest but also sufficient flanking 
iniron sequence so that splice junction mutations would be included for 
analysis. The sequence for each primer pair is described elsewhere (6). Each 
exon of TP53 was amplified by the PCR technique through 35 reaction cycles 
in a thermal cycler using 100 ng of genomic DNA, 4 mM deoxynucleotide 
triphosphates, 6 /iCi of | 33 P)dATP. 6 M Ci | 5J P)dCTP, and 25 pmol of the 
appropriate oligonucleoride primer pair. Conformational differences in the 
PCR products were resolved on nondenaturing mutation detection enhance- 
ment poJyacrylamide gels with the addition of 5% glycerol at room tempera- 
ture. All samples identified by SSCP as having altered mobility were further 
characterized by DNA sequencing for the exon putative ly identified as mu- 
tated. In previous srudies from our laboratory, SSCP has had an 85% sensi- 
tivity and a 98% specificity for TP53 mutations (6). 

Manual DNA Sequencing. DNA segments identified as having altered 
mobility by SSCP were evaluated by manual DNA sequence analysis. Ovarian 
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carcinoma template DNA was reamplified with the appropriate PCR primer 
pair, and amplified PCR product was purified (PCR Purification kit; Qiagen, 
Inc.). Both the sense and antisense strands were analyzed by the dideoxynucle- 
otide chain termination technique with PCR sense and antisense primers, 
which were end-labeled, using polynucleotide kinase. The products of these 
sequencing reactions were then separated by electrophoresis on 6% denaturing 
polyacrylamide gels (National Diagnostics, Atlanta, GA) V 

. Automated DNA Sequence Analysis of AH SSCP-negative Samples. 
Ovarian carcinoma cases with no mobility shift identified by SSCP screening 
were subjected to complete DNA sequence analysis of each exon contributing 
to the TP53 open reading frame (exons 2- II) by automated DNA sequence 
analysis, as described elsewhere (7), to identify those mutations that SSCP 
failed to identify. 

p53 GeneChip Assay. Oligonucleotide micToarrays are manufactured us- 
ing ligbt-direcled combinatorial chemistry. In the context of ihe p53 GeneChip, 
the synthesis cycles were repeated until oligonucleotides of —18 bases in 
length were constructed. Approximately 65,000 different oligonucleotide 
probes were synthesized in a \2 X I.2-cm area (grid) consisting of 256 cells 
in each dimension. Each probe cell (50 >m X 50 jtm) was arranged and 
constructed to accommodate 10 7 copies of each oligonucleotide. These probes 
were designed to interrogate each base of exons 2—1 J of the human TP '53 
coding sequence (-J262 bases) and +2/- 2 splice sites in a standard tiling 
format as well as a redundant tiling format for both sense and antisense strands 
(Fig. M). The first format, standard tiling, was the compilation of comple- 
mentary probes designed to interrogate the normal sequence and every possible 
single-base mismatch, single-base deletion, and +2/-2 splice site junctures 
along the coding region of the TP53 gene. More specifically, probes in the 
standard tiles had a common, substitution position located at the twelfth base 
from the 3' end. Each probe set represents A. C, G, T. a I -bp deleiion, and an 
empty cell for background subtraction (Fig. J B). Five probes per sense and 
antisense directions were arranged for each nucleotide position (Fig. IQ. The 
second format., redundant tiling, was designed to interrogate over 300 common 
mutations reported more than once in ihe TP53 database (9), with the exception 
of deletions or insertions >J bp. Each redundantly tiled mutation had 12 
probes (6 sense and 6 antisense) designed to interrogate the mismatch. The 
substitution position was placed at different locations on the probe for maxi- 
mum hybridization and discrimination of the mutant target. The hybridization 
pattern and intensity was then determined by laser scanner and analyzed by 
software based on the mixture detection algorithm. When a mutation occurred, 
the software called the mutation according to the codon in which the mutation 
existed. Probes from sense and antisense strands in both tiling formats were 
used to generate a confidence score for mutations. Mutations that occurred in 
codons with redundantly tiled nucleotides, in addition to the standard tiling, 
had the highest confidence score. These scores were higher because of the 
increased number of probes available to calculate the average intensity from 
each probe cell. Confidence scores (GeneChip score) ranged from I to 36. A 
score of .36 was the highest indicator that a mutation was present. Cases with 
scores <10 were regarded as wjjd-type TP53. Through experience prior to 
initiating this study, we found that samples that showed alternative tiling and 
on initial processing scored <I0 were associated with only standard tiling 
when processed a second time. These samples proved to be false-positive 
samples in our pilot investigations with non-study samples. No false-positives 
produced an alternative tiling pattern when processed on an anay a second 
time. 

Tumor DNA from all 108 specimens was analyzed by p53 GeneChip Assay 
f Aflymeirix). Each sample DNA was PCR amplified, fragmented with DNase. 
labeled with Fluoresccin-N6-ddATP (DuPont NER Boston, MA) by way of a 
terminal transferase reaciion a;vj hybridized to a p53 GeneChip Anay. Fluo- 
rescent ly labeled fragmented DNA samples were washed over the chip and 
allowed to bind to complementary oligonucleotide probes. Hybridized probe 
arrays were then read using the Gene An ay Scanner (Hewlett-Packard, MP 
G2500A). As a quality assurance step, a control oligonucleotide was added to 
each sample during hybridization to examine the signal intensity and proper 
alienment of the probe anay after the scan. Prior to the collection of image 
data, the scanner confirmed the correct position and alignment of the chip by 
focusing on a series of defined positions. 

To account for any variations that occurred during the assay, each sample 
batch was processed with human placental DNA as a wild- type control (Sigma 



Chemical Co., St. Louis, MO). Any sequence mismatch present in sample 
DNA was identified by comparison to the control placental DNA (Fig. \B). 

Repeat DNA Sequencing. Automated anoVor manual DNA sequencing 
was used to confirm each mutation identified by the p53 GeneChip assay. In 
addition, six samples that were wild type by p53 GeneChip but mutated by 
conventional gel-based assays were also reconfirmed as mutated with auto- 
mated sequence analysis. Fourteen samples, initially wild type by the above 
"conventional" gel-based DNA sequence analyses but mutated by p53 
GeneChip analysis, were also re-anaryzed to confirm the presence of these 
mutations in either the manual sequence analysis or automated sequence 
analysis method or in both. Samples were sequenced on an ABI 377 sequencer 
using the ABI Prism dRhodamine Dye Terminator Cycle Sequencing kit. Each 
reaction was performed . under the conditions outlined by the manufacturer 
(Perkin-Elroer-Applied Biosystems. Inc., Foster City, CA). Sequencing prim- 
ers spanned exons 2-11 of the TP53 gene. Samples were analyzed using the 
ABI Sequence Navigator Software (version 1.0.1). It was not considered 
necessary lo use a fourth method to confirm the presence of mutations in these 
samples because re-analysis with either of the "conventional" methods, manual 
sequencing or automated sequencing, did eventually demonstrate the muta- 
tions. 

Statistics. Statistical analyses were conducted using the SAS and Epilog 
software packages. The differences, between TP53 mutations identified by 
conventional sequence, analysis and TP53 mutations identified by p53 Gene- 
Chip were evaluated using Fisher's exact lest. Differences in overall survival 
according to TPS3 status were assessed by log-rank test. Cox proportional 
hazards analyses were conducted to assess the joint effects of TP53 alterations, 
age, grade, stage, and histological type of carcinoma on risk of ovarian cancer 
death. . 



RESULTS 

TP53 Mutations Identified by Conventional SSCP and DNA 
Sequence Analysis. Among the 108 DNA samples of ovarian carci- 
noma analyzed, 54 cases were identified by gel shift with SSCP 
screening of PCR products, and 53 of these SSCP alterations were 
confirmed by manual gel-based DNA sequence analysis. All ovarian 
tumor DNAs that lacked SSCP alterations were subjected to complete 
automated DNA sequence analysis of exons 2-1 1 (7), and an addi- 
tional 10 mutations were identified. The 63 cases with mutations, 
identified by these "conventional" DNA sequence methods, included 
57 cases with single-bp substitution mutations, 3 with deletion muta- 
tions, and 3 with combined deletion and insertion mutations (Table 1). 
Among the 57 substitution mutations were 49 missense mutations, 4 
nonsense mutations, and 4 splice junction mutations. In addition, 4 
cases contained DNA polymorphisms. DNA from 4 1 cases showed no 
sequence alteration. Those cases with DNA polymorphisms and those 
cases with no sequence alterations were both considered to have wild- 
type TP53 sequences (45 cases; 42%). 

77*53 Mutations Identified by Oligonucleotide Microarray. 
Among the 108 ovarian carcinoma DNA samples, 71 (66%) had 
GeneChip scores for at least one position that was between 10 and 36 
and were, therefore, identified as mutated. Thirty-seven (34%) cases 
were identified as having wild- type TP 5 3 gene with either a GeneChip 
score of < 10 or a DNA polymorphism identified. The identified 71 
ovarian tumors with mutations included 69 with single-bp substitution 
mutations 2nd 2 with single-bp deletion mutalions. Among the 69 
ovarian tumors with substitution mutalions were 56 with missense 
mutations. 7 with nonsense mutations, and 6 with splice junction 
mutations, Three ovarian tumors had two TP53 mutations.. All three 
cases had two single-bp substitution mutations for a total of 72 
single-bp substitution mutations identified among cases in this cohort. 
One case with two mutations had both a missense and a splice 
junction mutation, and the other two cases each had two missense 
mutations identified. Because no effort was made to characterize more 
than one mutation using the "conventional" DNA sequence analysis 
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Fig. I. Arrangement of p53 GcncChip (.-*) ami examples of sequence, analysis at a pattirular nucleotide {B and Q. p53 GcncOip architecture. Approximately 65,000 different 
oHgemicJcfllide probes wcte synthesized in a I.? A I ?-cm arcs. These probes interrogated each bay- and flanking irtton sequences of exons 2- M of the human TP53 gene in a standard tiling 
fonnat as well as a redundant tiling format for both sense and amiscnsc strands. B. examples of oligonucleotide probe hybridization in wild-type target |/V/i) and mix hire target {right). 
Hybridization signal intensity for each individual tile of each nucleotide position can be ordered from high signal intensity to low signal intensity as follows: white > green > blue > black. 
Tire highest fluorescent tile indicates hybridization with the complementary nucleotide sequence. In the lirst illustration (wild type, left picture), the fluorescent green signal identified within 
the indicated area represents the strongest hybridization of the normal A nucleotide to a T" nucleotide at the queried position. In the second illustration (wild rype-'mutant mixture, right picture). 
the fluorescent green signal idcniilicd within the indicated area represents hybridization of mutated G nucleotide in lest DNA to a "C nucleotide at the queried position. The weaker blur 
hybridization signal of wild-type A to the "T" nucleotide in the oligonucleotide probe is also shown, demonstrating lowei signal than observed with wild-rypc sample [left), which shows a green 
signal. The white signal at multiple tiles in iltat nucleotide position fot both wild- type 3nd mutant target represents the hybridization by control oligonucleotide, which is shown as a white straight 
dotted line on the grid in A. C. hybrittizaiion signal intensities for icm DNA at three queried positions in sense and antisense directions, tach probe in a tile set is perfectly complementary to 
the rcfcretice sequence, except for a mismatch at die l?ih nucleotide position. At thh position, each of the four possible nucleotide substitutions A. C. G, and T and a single- bp deletion are 
represented in the probe set. Sense and antisense probe hybridization data and probe set relative hybridization intensities are shown in individual columns using five different colors for each 
nucleotide position analyzed. The rclanvc hybridization intensities for each nucleotide at a queried position permit a nucleotide identificarion call to be made. The wild-tyre base A \ U'ft) and 
mixtute (mutani-'wUd type) A.'G {right) foncspnnd to the images of B llrfi) and // \nghi). 
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Tabic 



analysis and DNA oligonucleotide microarray^ 


Mutation type 


Sequencing 


Microanay 


Total 


Single : bp substitutions 


57 


69 


71 


Missense 


49 


56 


58 


Nonsense 


4 


7 


7 


Splice junction 


4 


6 


6 


Deletion and/or insertion 


6 


2 


6 


Single-bp deletion 


2 


2 


2 


. Multiple bp deletion 


1 


0 


1 


Deletion and insertion 


3 


0 


3 


Total 


63 ' 


71 


77 



° Cases containing more than one TP53 mutation had ihc second mutation excluded 
from this comparison because no attempt was made to characterize more tlian one TPS 3 
mutation by conventional DNA sequence analyses. 



Table 2 Comparison of TPS 3 mutations identified by conventional DNA sequence 
analysis and oligonitcleotide microarray analysis 
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by sequencing 


sequencing 


Total no. 


Mutations detected by microarray 


57 


14 


71 


Wild-iypc by microanay 


6 


31 


37 


Total no. 


63 


45 


108 



methods described above, only one of the two mutations identified in 
; these three ovarian rumors by p53 GeneChip was included in the 
comparative evaluation of the methods (Table I). In addition, among 
seven cases with a TP53 polymorphism, five also had a missense 
mutation. These cases were considered in the analysis as showing a 
single missense substitution. 

Comparison of TPS3 Mutations Identified by Oligonucleotide 
Microarray and Conventional DNA Sequence Analysis. A total of 
77 ovarian cancers had TP5S. mutations identified by at least one of 
ihe two approaches. The 77 rumors with identified mutations included 
71 with single-bp substitution mutations, 3 with deletion mutations, 
and 3 wiih combined deletion/insertion mutations (Table I). Among 
the 71 ovarian tumors with substitution mutations were 58 wiih 
missense mutations, 7 with nonsense mutations; and 6 wiih splice 
junction mutations. 

Both methods identified a mutation in 57 ovarian cancers and no 
mutation in 3 J ovarian cancers for a concordance rate of 81% (Table 
2). As described previously, 71 ovarian rumors with mutations (71 of 
108; 66%) were identified by DNA microarray and 63 (63 of 108; 
58%) by conventional gel-based DNA sequence analysis. There were 
6 cases identified by conventional DNA sequence analysis but not by 
DNA oligonucleotide microarray (Table 3) and 14 cases identified as 
mutated by DNA oligonucleotide microarray but not by conventional 
DNA sequence analysis (Table A). These cases were all rcsequenced 
arid confirmed as mutated by manual or automated DNA sequence 
analysis or both. 

In this cohort of ovarian tumors, one case had 3n exon 4 
(GTG-*TTG) Val73Lcu missense mutation, which was identified by 
conventional DNA sequence analysis bul not by p53 GeneChip anal- 
ysis (Table 3). The cohort contained two identical LysJ32Arg mis- 
sense mutations (AAG— >AGG). One of these mutations was identi- 
fied by both appioaches; the other was detected iniiially only by the 



oligonucleotide microarray approach (Table 4). A Cysl4)Trp 
(TGC-»TGG) missense mutation, missed by conventional DNA se- 
quence analysis, was identified by p53 GeneChip analysis (Table 4). 
A nonsense GIn)67Stop (CAG— »TAG) mutation was identified by 
p53 GeneChip analysis but not by conventipnal DNA sequence anal- 
ysis (Table 4). 

One of two mutations involving codon 195 was detected by con- 
ventional DNA sequence analysis but not by the p53 GeneChip. The 
other mutation at codon 1 95 was detected by p53 GeneChip but not by 
conventional DNA sequence analysis. The codon J 95 mutation de- 
tected by conventional DNA sequence analysis but not by p53 
GeneChip analysis was a deletion/insertion mutation involving 
codons 1 93-1 95 (9-bp deletion of CATCTTATC with a 6-bp insertion 
of GCCCCT, which encoded a deletion of His, Leu, and He and an 
insertion of Ala, Pro; Table 3). The codon 1 95 mutation detected by 
p53 GeneChip but not by conventional DNA sequence analysis was 
an Hel95Asn (ATC->AAC) missense mutation (Table 4). Neither of 
two Argl96stop (CGA— »TGA) mutations were detected by conven- 
tional DNA sequence analysis, but both were detected by p53 
GeneChip. Missense substitutions at codons 220 and 237 were iden- 
tified with oligonucleotide microarray analysis but not with conven- 
tional DNA sequence analysis (Table 4). On the other hand, a mis- 
sense mutation at codon 267 (CGG-*CCG; Arg267Pro) was detected 
by conventional DNA sequence analysis but not by p53 GeneChip 
analysis (Table 3). 

Splice site mutations involving the substitution of an A for a G at 
the -2 position (inrron 6 splice site acceptor) and a T for a G at the 
+2 position (intron 7 splice site donor) were detected by.oligonucleo- 
tide microarray analysis but were not detected by conventional DNA 
sequence analysis (Table 4). 

Deletion/insertion mutations at codon 21 9 and codons 247-251 and 
a deletion at codons 264-265 were identified by conventional DNA 
sequence analysis but not by p53 GeneChip analysis (Table 3). The 
deletion/insertion mutation at codon 21 9 involved the loss of CCC and 
insertion of GTGTTC (Pro2 1 9Val,Phe). The deletion/insertion muta- 
tion of codons 247-251 involved a loss of CATCTTATC and an 
insertion of GCCCCT, predicting the loss of amino acids His, Leu, 
and lie and Ihe insertion of Ala, Pro at this position. 

Three of the seven mutations at codon 273 were detected by 
conventional DNA sequence analysis., whereas all seven were de- 
tected by p53 GeneChip. Six of the mutations were Arg273Cys 
mutations, and one was an Arg273Gly mutation. All four of the 
missed mutations were Arg273Cys mutations. 

Overall, TP53 oligonucleotide microarray analysis identified 71 of 
the 77 mutaiions, whereas conventional DNA sequence analyses 
identified 63 of the 77 mutations. This difference in detection between 
these approaches was marginally statistically significant (P - 0.091, 
Fisher exact test). Sixty-nine of the 71 single-bp substitution muta- 
tions, including missense, nonsense, and splice junction mutaiions 
(Table 1), were detected by the TP53 oligonucleotide microarray 
analysis, whereas 57 were detected by conventional DNA sequence 
analyses. The TP53 oligonucleotide microarray detected significantly 
more single- bp substitution mutations than conventional DNA se- 
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Table 4 TP 5 3 mutations identified by DNA microarray but not by conventional DNA sequence analysis 
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Codon 



DNA sequence change 



Amino acid change 



Mutation type 



TP53 geneChip 
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Ex on 5 


132 


AAG-+AGG 
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Missense 


26 


2348 
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141 


TGC-+TGG 
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16 


. 1566 
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CAG— >TAG 


Gin— >stop 
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qnence analyses (P = 0.0024, Fisher exact test). However, TP53 
oligonucleotide microarray detected only two of the six deletion 
and/or insertion mutations, whereas conventional DNA sequence 
analyses detected all six. This difference was marginaljy statistically 
significant (P = 0.06, Fisher exact test). 

Of the 49 missense mutations identified by conventional DNA 
sequencing, DNA microarray analysis detected 47 (96%). Of the four 
splice junction mutations identified by conventional DNA sequence 
analysis, microarray technology detected all of them (100%). Of the 
seven cancers with a premature stop codon identified by conventional 
DNA sequencing, oligonucleotide microarray analysis detected six, 
including four nonsense mutations caused by single-bp substitutions 
and two frameshift mutations caused by single-bp deletions. Among 
the four cases that had multiple- bp deletions and/or insertions, mi- 
croarray analysis missed al) of them, whether or not the mutation Jed 
to a frameshift. In conclusion, microarray achieved a 94% accuracy 
(102 of 108), a 92% sensitivity (71 of 77), and a 100% (31. of 31) 
specificity in mutation detection. Conventional DNA sequence anal- 
ysis demonstrated an 87% {94 of 108) accuracy rate, an 82% (63 of 
77) sensitivity, and a 100% (31 of 3 J) specificity- 
Relationship between TP53 Alterations and Survival. One hun- 
dred and four of the 108 patients with survival data available were 
analyzed for the relationship between TP53 mutation and overall 



survival. The presence of TPS 3 mutations was associated with shorter 
survival (P = 0.02; Fig. 2/4). Women with mutations in loqp2, Ioop3, 
or the loop-sheet-helix domain had a significantly shorter survival 
than women who had other mutations in their ovarian cancers and 
women who had no mutations in their ovarian cancers (P = 0.01; Fig. 
2B). Age (Trend test, ./* = 0.03), grade (P = 0.02), and stage 
(P =» 0.002) were also associated with shortened overall survival. 
Mucinous histopalhology was associated with a Jack of TP53 muta- 
tions {P == 0.023) but not with survival. Serous (versus all others) 
rumors were not associated with overall survival (P = 0.94). Cox 
proportional hazards analysis, adjusting for the other factors such as 
size, stage, and grade, suggested that TP53 was an independent 
predictor of shortened overall survival after including these factors in 
the analysis. However, formal statistical significance was not demon- 
strated (P = 0.00), probably because of the limited sample size. 

DISCUSSION 

This study was designed to assess the sensitivity, specificity, and 
accuracy of DNA microarrays (p53 GeneChip) in identifying TP53 
mutations relative to conventional gel-based DNA sequence analysis. 
Overall, the two methods showed a high level of concordance, with 88 
of the 108 rumors (81%) showing the same result. With the inclusion 



Fig. 2. Cumulative probability of survival for 
women with ovarian carcinomas showing differ- 
ences in TP53 tumor suppressor gene status. A. 
women whose ovarian cancer had TP53 mutation 
(— ) showed a significantly shorter ovciall survival 
[P ~ 0.02) than women whose ovarian C3ncer had 
wild-type TP53 ( — ). B, a significantly shonct 
survival {P = 0.01) was obseivcd for women 
whose ovarian cancer had rotations locaied in the 
highly conserved !oop-$hcct-be!ix, loop?, o» !oop3 
domains of TP53 (— ), compared with . women 
whose ovarian cancer had mutations locaied in any 

other site in TP 5 3 ( ) or in women whose 

ova nan cancel had wild- type TP 5 3 |- — ). 
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of 14 mutations initially not identified with conventional sequence 
analysis, the ON A microarray achieved an accuracy of 94% (102 of 
108), whereas conventional DNA sequence analysis, including the six 
mutations not identified with p53 GeneChip analysis, achieved an 
accuracy of 87% (94 of 108) relative to the final TP53 status deter- 
mined from assessment of both approaches together. In addition, three 
cases were identified with double mutations, two with double mis- 
sense mutations, and one with a missense mutation , and a splice 
junction mutation. Microarray analysis also detected polymorphisms 
in seven cases, five of which had coexistant missense mutations. 
These observations. provided an estimate of the frequency of cases 
with multiple alterations in the TP53 gene, which has probably been 
underestimated and underreported in the past (1, 10). 

Although there was a high level of concordance between the 
microarray analysis and conventional DNA sequence analysis, six 
mutations identified by conventional DNA sequence analysis were not 
identified by microarray analysis. Four of these mutations (four of six; 
67%) involved multiple-bp deletions and/or insertions, including two 
cases with in-frame delelions and insertions, one case with a frame- 
shift mutation attributable to a 15-bp deletion and 4-bp insertion, and 
one case with an in- frame 3-bp deletion (Table 3). The two other cases 
not identified by microarray had missense mutations. The detection 
rate for nucleotide deletions and insertions was lower with microarray 
(two of six; 33%) than with conventional DNA sequence analysis (six 
of six; 100%). 

The p53 GeneChip assay showed a higher detection rate for sin- 
gle-bp substitutions of any type including missense mutations, non- 
sense mutations, and splice junction mutations than did conventional 
DNA sequence analysis |56 of 58 (97%) versus 49 of 58 (84%); 7 of 
7 (100%) versus 4 of 7 (57%); and 6/6 (100%) versus 4 of 6 (67%); 
Table 1], respectively. Overall, p53 GeneChip assay identified 97% 
(69 of 71) of single-base substitutions, whereas conventional DNA 
sequence analysis identified 80% (57 of 71). For single-bp deletion 
mutations, p53 GeneChip showed the same detection rate as sequence 
analysis (two of two: 100%). All 14 mutations missed by conventional 
DNA sequence analysis (Tabic 4) were of the single-bp substitution 
type, whereas four of the six (67%) mutations missed by p53 Gene- 
Chip assay were deletions >1 bp or complex frameshifi mutations. 
Among the 14 mutations missed by first round of DNA sequencing, 
no minor bandshift was seen, even after rechecking the SSCP gel or 
gel-based sequencing data; therefore, misinterpretation of the original 
sequence was unlikely. Because a majority (9 of 14; 64%) of these 
cases had a GeneChip score between J 1 and 12, it was possible that 
these DNA samples had less mutant target DNA hybridizing to the 
probe cell on ihe array, which was difficult to detect by SSCP and 
DNA sequencing. 

On the other hand, mutations missed by the p53 GeneChip were 
mostly multiple-base delelion/insenion, which had clear nucleotide 
changes on DNA sequencing eels. The p53 microarray could be 
improved by introduction of oligonucleotides designed to identify all 
previously observed multiple- bp deletion or insertion mutations. Al- 
ternatively. p53 microanays could be used for initial analysis of TP 5 3 
mutations, with all apparently wild-type DNA samples subjecied lo 
conventional DNA sequence analysis. 

Although a variety of oligonucleotide microarrays have emerged in 
the market during the past few years, few studies have compared the 
mutations or sequences identified by both the microarray and conven- 
tional sequence npprooches (II. 12). In a pievious study, exon 1 1 of 
BRCAI was characterized in 15 patients and 20 control samples. 
Fourteen of the 15 pniient samples with previously known mutations 
were correctly diagnosed, with no false-positive results identified. The 
BRCA J chip achieved a sensitivity of 93% (14 of 15) and specificity 
of 100% (20 of 20). Eight single-nucleotide polymorphisms were also 



detected. In the second report, the BRCA J DNA was used for se- 
quence comparisons of BRCA J exon 1 1 in human, chimpanzee, go- 
rilla, and orangutan DNA samples. 

While our manuscript was in review, another paper reported a 
comparison of TP53 mutations in 100 lung cancers determined by 
oligonucleotide microarray and gel-based DNA sequence analysis 
(13). Dideoxynucleotide sequence analysis of exons 5-9 detected 76% 
of mutations within this region of the gene. The p53 GeneChip assay 
detected 80% of the mutations within this same region (exons 5-9) of 
the gene and 81% of all mutations in exons 2-1 1 (13). Similar to our 
experience reported here, the p53 GeneChip detected 46 of 52 mis-, 
sense mutations (88%) but none of five rrameshift mutations (13). 
Accordingly, the p53 GeneChip appears to perform best when ana- 
lyzing single-base mismatch substitution mutations and single-bp 
deletion mutations. Conversely, in our hands it failed to identify 
deletions or insertions > I bp. The prevalence of deletions and inser- 
tions in. TP53 is, however, relatively low, depending on the rumor 
type. The occurrence of deletions and/or insertions > 1 bp is estimated 
to be 7% in the TP53 database (9). This value correlated well with our 
results in these 108 ovarian carcinoma samples. On the other hand, the 
majority of BRCA ) mutations are not single-bp substitutions but 
insertions and deletions. However, oligonucleotide microarray did 
achieve a high sensitivity and specificity in a relatively small number 
of cases. The sensitivity of the DNA microarray for mutation detec- 
tion in BRCAI (14 of 15; 93%) was similar to the sensitivity achieved 
here for TP53 (71 of 77; 92%). 

Overall, TP53 mutations in these ovarian cancers occurred predom- 
inantly in exons 5-8. Nineteen (25%) mutations were in exon 5,11 
(14%) mutations were in exon 6, 15 (20%) mutations were in exon 7, 
24 (3 1 %) mutations were in exon 8. Six (8%) mutations were located 
in introns at splice junctions, and only one mutation was identified in 
exon 4 (1%) and exon 9 (1%). Most of the studies analyzing the entire 
open reading frame of TP53 (14- J 8) in ovarian cancer had a limited 
number of cases analyzed. Two of the five studies (17, 18) that 
analyzed more than 60 cases identified 15 and J 8% of mutations 
outside exon 5-8, with a predominance of deletion/insertion muta- 
tions in these regions. However, we did not find a similar distribution 
in our study. Because we confirmed all SSCP-positive cases by 
manual sequencing and rescreened SSCP-negative cases by auto- 
mated DNA sequencing, as well as reanalyzed all DNAs by a p53 
GeneChip assay, it is unlikely that a significant number of mutations 
were missed. Therefore, our estimate of TP53 mutations in ovarian 
cancer is considered to be representative. The difference in mutation 
spectrum among studies might be attributed to environmental muta- 
genic exposure and/or endogenous factors, such as genetic differ- 
ences, that contribute lo carcinogenesis. . 

The most frequently mutated codons in our study were codon 273 
(seven mutations), codon 179 (four mutations), and codon 234 (four 
mutations). Two of these (codon 1 79 and codon 273) are also "hot- 
spots" of tobacco-associated lung cancers, but most of the mutations 
(10 of 12: 83%) in these two codons in ovarian cancer were transition 
mutations rather than transversion mutations as observed in lung 
cancer (19). On the other hand., mutations frequently related to ben- 
zo(fl)pyrene exposure in lung cancer, such as mutations in codon 157 
(GTC— »TTC), codon 248 <CGG-»CTG), or related to anatoxin ex- 
posure in liver cancer, such as mutations in codon 249 (AGG~» AGT), 
were not identified. The higher overall percentage of transition (60%) 
compared wirh transversion mutations (32%) in our snidy suggest that 
most ovarian cancers arise spontaneously rather than because of 
exogenous carcinogen exposure. 

The significance of TP53 alteration as a prognostic factor in ovarian 
cancers varies among different studies (reviewed in Ref. 6). The 
factors that cause variable results include insufficient samples, differ- 
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cnce in screening methods, and incomplete analysis of ibe open 
reading frame. In our study, we tried to minimize these factors by 
using both conventional gel-based DNA sequencing, and microarray 
analysis to analyze mutations in the entire open reading frame ofTP53 
in )08 ovarian carcinomas: (a) the high percentage (77 of J 08; 71%) 
of TP53 mutations indicates that TP53 function is abrogated mostly 
by mutation of the gene itself in ovarian cancer, although other 
nonmutational mechanisms, such as defects in TP53 pathway that 
mediate its function or loss of mechanisms that activate TP53 (20), 
could be involved in the pathogenesis of those cancers that have wild 
type TP53; (6) the DNA-binding structural motifs (loop-sheet-helix, 
Joop2, and loop3) of TP53 overlap almost exclusively with the con- 
served regions of the protein sequence, where the majority of muta- 
tions are found and affect its sequence-specific DNA binding activity 

(21) . These "hot-spot" amino acids are highly conserved and are 
believed to represent regions of structural or functional importance 

(22) . In our analysis, TP53 mutation was shown to be a predictor of 
overall survival in ovarian cancer. Patients with mutations in loop2, 
loop3, or the loop-sheet-helix domain had shorter survival than pa- 
tients with mutations in other locations or no mutation. This obser- 
vation supports the current concept that these sequence-specific DNA. 
binding domains are functionally important, and mutations in these 
areas could have more deleterious effects as opposed to other mutant 
and/or wild-type TP53. Further in vivo functional characterization, 
such as the biological activity of these mutants, would provide more 
information. 

A few possible mechanisms of false-negative and false-positive 
mutations detected by DNA microarray have been described. These 
include microarray design, imperfect hybridization conditions, and 
molecular interactions on microarrays (23, 24). The addition of more 
probes,, such as redundant tiling based on common mutations related 
to deletion/insertion mutations, as well as other mutations, is expected 
to improve the sensitivity of the microarray in overall detection. Jn 
addition, enzyme approaches, such as polymerase and Jigase, have 
also been adapled for use with microarray (24). It has been suggested 
thai deletion and insertion would lead to the formation of energetically 
favored duplexes containing bulged nucleotides with wild- type probes 
over duplexes containing single-bp mismatches (23). All of these 
possibilities suggest that microarray detection can be improved. Al- 
though sequencing the entire coding region is a sensitive technique for 
overall detection of mutations, it is more time consuming and labor 
intensive than analysis by DNA microarray technology. For example, 
screening of the entire coding region of TP53 requires the amplifica- 
tion of II PCR products (exon 4 is split in two amplicons). 22 
sequencing lanes, and the manual examination of over 1262 bases. 
The high costs and increased turnaround limes impedes the usage of 
this technology on a regular basis. On the other hand, the time from 
purified DNA to data analysis was —4.5 h for the p53 GeneChip. The 
average batch size/day was 1.2 samples, including a reference sample 
and negative control (blank). In conclusion, although there was a high 
concordance rate between the two methods, the p53 GeneChip assay 
detected more mutations, had greater overall accuracy for detection of 
sequence alterations, and was more effective in terms of time and cost. 
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Down-regulation of prostate-specific antigen expression by finasteride 
through inhibition of complex formation between androgen receptor and 
steroid receptor-binding consensus in the promoter of the PSA gene iu 
LNCaP cells. 

Wang LG , Liu XML Kreis W, Budman DR . 

Department of Medicine, New York University, Manhasset 1 1030, USA. 

As a specific competitive inhibitor of 5alpha-reductase, an intracellular enzyme that 
converts testosterone to dihydro testosterone, finasteride is being extensively used for the 
treatment of benign prostatic hyperplasia and in experimental settings for prostate cancer. 
In this study, we showed that finasteride markedly inhibited prostate-specific antigen 
(PSA) secretion and expression. The promoter of the PSA gene contains several well- 
known cis-regulatory elements. Among them, steroid receptor-binding consensus (SRBC) 
has been identified as a functional artdrogen-responsive element Our previous study 
showed that PSA was not only present in conditioned medium of the PSA-positive 
LNCaP cells but was also detectable in small amounts in PSA-negative ceil lines, PC-3 
and DU-145 (L. G. Wang et ah, Oncol. Rep' 3: 911-917, 1996). A strong correlation 
between binding of nuclear factors to SRBC and the level of PSA present in the 
conditioned medium and cell extracts was found in these three cell lines, whereas no such 
correlation with binding was obtained using Spl oligonucleotide as a probe. Binding of 
LNCaP cell nuclear proteins to SRBC was diminished when the cells were exposed to 25 
microM finasteride, at which concentration 50% of both PSA mRNA and protein were 
inhibited. As a major component of DNA-protein complexes, the level of androgen 
receptor was dramatically decreased in the cells treated with finasteride. Our data indicate 
that inhibition of complex formation between SRBC and nuclear proteins due to the 
remarkable decrease in the level of androgen receptor plays a key role in the down- 
regulation of PSA gene expression by finasteride in LNCaP cells. 

PMID: 9044850 [PubMed - indexed for MEDLINE] 
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Expression of calcyclin in human melanocyte lesions. 
Weterman MA , van Muijen GN , Blocmcrs HP . Ruker DJ . 
Department of Biochemistry, University of Nijmegen, The Netherlands. 

When comparing tv/o subsequent stages of melanocyte tumor progression we identified 
calcyclin as a new potential progression marker, the expression of which was correlated 
with metastatic behavior of various human melanoma cell lines in nude mice. In this 
study, we describe a good correlation between RNA and protein levels in the xenografts 
of these cell lines and extended these experiments to a panel of 120 routinely processed 
human melanocyte cutaneous lesions. Northern blot analysis demonstrated that calcyclin 
RNA expression was elevated in melanoma metastases as compared to several types of 
nevocellular nevi. Calcyclin staining using a specific polyclonal antiserum showed a 
more complex pattern. A stronger staining in a higher percentage of positive cells was 
observed in thick primary melanoma (> or = 1 .5 mm) as compared to thin primary 
melanoma (< 1 .5 mm). Calcyclin expression was also present in a higher percentage of 
cells showing a stronger staining in melanomas with higher Clark levels (> II) 
corresponding to the vertical growth phase of primary melanomas. Protein expression in 
nevocellular nevi was confined to the dermal part and was highest in the lower parts of 
the dermis. Remarkably, dysplastic nevi (atypical moles), potential precursors of 
melanoma, did not show any expression at all, either in junctional or dermal parts. 
Confinement of the expression to the dermal part of nondysplastic nevi and primary 
melanomas may reflect interactions with the microenvironment of the reticular dermis 
that occurs with vertical growth^ 
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Severely decreased MARCKS expression correlates with ras reversion but 
not with mitogenic responsiveness. 

Wojtaszek PA, Stumpo DJ Blackshear PJ Macara IG . 

Department of Pathology, University of Vermont College of Medicine, Burlington 

Phorbol ester-inducible phosphorylation of MARCKS, the '80-kDa' substrate of protein 
kinase C, was undetectable in several phenotypicaliy dominant, non-transformed 
revertants independently derived from the ras-transformed cell line NIH3T3 DT-ras 
Extremely low expression of MARCKS protein accounted for this apparent lack of ' 
phosphorylation. MARCKS-encoding mRNA levels were correspondingly decreased 
relative to normal and ras-transformed cells in all four ras revertant cell lines studied- C- 
1 1 and F-2, denved by 5-azacytidine treatment and selection with ouabain- CHP 9CJ 
derived by ethylmethane sulfonate mutagenesis and selection with cis-hydroxy-L-pro'line- 
^i 2 ^?"^ by transfection with th e human Krev-1 gene. However, re-expression' 
of MARCKS after transfection of a cloned MARCKS cDNA into the C-l I ras revertant 
cells was not sufficient to induce retransformation. In fact, no significant difference in 
sensitivity to mitogenic stimulation by phorbol esters was observed among several cell 
lines expressing widely varying levels of MARCKS. This evidence argues against a 
d ir ect role for MARCKS in mitogenic signaling. However, the strong correlation between 
attenuation of MARCIS expression and phenotypicaliy dominant ras reversion suggests 
that a common negative regulatory mechanism might be responsible for both effects 
presenting a potentially useful strategy for identifying factors involved in transducing the 
ras signal. 

PMID: 8437859 [PubMed - indexed for MEDLINE] 
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[Expression of human telomerase reverse transcriptase in cervix cancer 
and its significance] 

[Article in Chinese] 

XiL y ZhuT, WuP, Xu Q , Huang L . Li KZ , LuYP, Ma D . 

Department of Obstetrics and Gynecology, Tongji Hospital, Tongji Medical College, 
Huazliong University of Science and Technology, Wuhan 430030, China. 

OBJECTIVE: To investigate the expression of human telomerase reverse transcriptase 
(hTERT) mRNA and protein in cervix cancer, cervical intraepithelial neoplasia (CIN) 
and normal cervix. METHODS: Expression of hTERT mRJKA and the other two subunits 
of telomerase, human telomerase RNA component (hTR), human telomerase-associated 
protein (hTP I) was determined by RT-PCR in 3 cervix cancer cell lines, 2 diploid cell 
lines, 38 cases of cervix cancer, 16 cases of CIN and 20 cases of normal cervix. 
Telomerase activity was also examined by telomeric repeat amplification protocol 
enzyme-linked immunosorbent assay (TRAP-ELIS A). Expression of hTERT protein was 
detected in all the cell lines and 101 cases of paraffinized cervix tissue sections. 
RESULTS: hTERT mRNA expression was detected in all of the three cervix cancer cell 
lines, 8 1.6% of cervix cancer, 37.5% of CIN, 5.0% of normal cervix, while in neither of 
the two diploid cell lines. The other two subunits of telomerase were prevalently 
expressed in all of the cell lines and most cervix tissues. There was a strong correlation 
between hTERT mRNA expression and telomerase activity. Immunostaining also 
revealed that hTERT protein was expressed in all three cervix cancer cell lines, 65.5% of 
cervix cancer, 28.0% of CIN and 4.8% of normal cervix. CONCLUSION: Up-regulation 
of hTERT may play an important role in the development of CIN and cervix cancer, 
hTERT could be used as an early diagnostic biomarker for cervix cancer. 
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1 Introduction 

Mammals protect themselves against pathogen infection pri- 
marily no innate and adaptive immunity |]J. The innate 
immune system relies on a set of pattern recognition receptors 
\e.g.. Toll-like receptors) to recognize foreign molecular struc- 
tures such as hpopolysaccharide (LPS) and bacterial DNA [2 3] 
Innate immune cells recognize these molecular structures and 
initiate not only innate but also adaptive immunity by produc- 
ing immunomodulatory cytokines and activating T and B 
immune cells (1). Bacterial DNA can directly activate B cells to 
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proliferate and secrete immunoglobulins in a T cell-independ- 
ent manner [4-6]. It also induces B cells and monocytes to 
activate transcription factor NF-xB and secrete cytokines, 
mciuciinginterleukin (1L) 12, tumor necrosis factor a (TNF-a), 
and interferon cr/p {7-10]. The immunostimulatory activity of 
bacterial DNA has been assigned tounmethyiated CpG motifs 
(GACGTT for murine, GTCGTT for human) (1 1). Recent evi- 
dence shows that synthetic oligodeoxynudeobdes containing a 
CpG motif {CpG-ODN), like bacterial DNA with the CpG moi- 
ety (CpG-DNA), induce potent Thl-Hke immune responses 
that are protective against several infectious agents and 
immune disorders mariimal models (12, 13} Biologically active 
CpG-ODN, like bacteria DNA, activates macrophages and 
immature dendritic cells to increase expression of MHC class 
11 and costimulatory molecules, thereby transcribing cytokine 
mRNAs, and producing pro-inflammatory cytokines including 
TNFct, IL-1, 1L-6 and 1L-12 [?, 14-16). CpG-ODN can therefore 
serve as an adjuvant and irnmunomodulator in vaccines 
against a wide variety of targets, including infectious agents, 
cancer antigens and allergens { 17]. 

It has been suggested that unmethylated CpG-DNA-medi- 
ated immune activation functions through a toll-like receptor 9 
(TLR9) signaling pathway }18]. Endocytosis and sequentially 
endosomal maturation as well as binding of heat shock protein 
(HSP) 90 to CpG-DNA are essential for induction of TLR9 sig- 
nal transduction |19, 20). It has also been shown that recogni- 
tion of CpG-DNA causes TLR to form a dimer, which recruits 
the adaptor molecule, myeloid differentiation factor 88 
(MyD88), through interaction between their C-terminal Toll /I L- 

1 R domains. This recruitment of MyD88 to the ToH/lL-lR do- 
main of TLR9 initiates a signaling pathway that sequentially 
involves IL-lR-associated kinase 1 and TNF-a receptor-asso- 
ciated factor 6 (18, 21, 22). Studies using gene-deficient mice 
and RAW264.7 cells transiently transfected with dominant- 
negative forms of these molecules have indicated that the 
MyD88-mediated signaling pathway is essential for CpG-DNA- 
induced activation of NF-kB and c-Jun NH 2 - terminal kinase 
(JNK), as well as subsequent production of cytokines in mono- 
cytic cells [18,21, 22). The precise mechanism of action of CpG- 
DNA and CpG-ODN, nonetheless, is still not thoroughly 
understood. To further elucidate the molecular events after 
binding of CpG-ODN to TLR9, in this study, we treated CpG- 
ODN responsive THP-1 cells with CpG-ODN and evaluated 
changes by using DNA microarray and proteomic approaches. 
We have discovered up-regulation.of more than 50 disting- 
uished genes /proteins and identified induction of several anti- 
apoptotic and neuroprotecting genes by CpG-ODN treatment. 

2 Materials and methods 
2.1 Reagents 

Phosphorothioale-modified CpG-ODN and GpC-ODN were 
synthesized by MDBio (Taipei, Taiwan). Human specific 
ODN sequences are: CpG-ODN, 5 -TCG TCG 7TTTGT CGT 



Tit GTC GTT-3'; GpC-ODN, 5*-TGC TGC TTT TGT GCT 
TIT GTG CTT-3'. The mouse specific CpG-ODN sequence is 
5'-TCC ATG ACG TTC CTG ATG CT-3\ CHCA was from 
Sigma (St Louis, MO, USA). 

2:2 Cell culture 

Cell lines were obtained from the American Type Culture 
Collection (Rodcville, MD). Mouse RAW264.7 macrophage 
and human embryonic kidney 293 cells (HEK293) were cul- 
tured in DM EM -supplemented with 10% heat inactivated 
fetal bovine serum, 100 U/mL penicillin, 100 ug/mL strep- 
tomycin sulfate, 200mmol/L I-glutairiine, and 50 um 0-mer- 
Captpethanol in a humidified atmosphere of 5% C0 2 at 37°C- 
The medium was changed every 2 days for aD experiments. 
Human THP-1 monocytic leukemia cells, which have been 
shown, to express TLR9 and respond to CpG-DNA stimula- 
tion [23, 24], were cultured in RPM 11640 with the same sup- 
plements as for RAW264.7 cell cultures. 

2.3 Human cDNA microarray 

Total RNAs extracted from cultured THP-1 cells were isolated 
with TRlzol (Invitrogen, Leek, The Netherlands) and submitted 
to Genasia Biotechnology (Taipei, Taiwan) for further proces- 
sing. In brief, 4 ug of total RNA from CpG-ODN stimulated, or 
normal THP-1 cells was labeled with a fluorescence marker 
(U-vision, (Taipei, Taiwan)). Different colored fluorescence dyes 
(Cy5 and Cy3) were used to distinguish total RNA from normal 
and ODN stimulated cells. The labeled RNA was used for 
hybridization with the Human 1 cDNA microchip from Agilent 
Technologies (Palo Alto. CA, USA). The chips were scanned and 
the expression pattern was analyzed using genechip software. 
Genes showing up-regulation or down-regulation of RNA levels 
were analyzed and identified on a genomic database as sug- 
gested by the manufacturer of the microchip. 

2.4 Protein preparation 

THP-1 cells were seeded in a 175 cm 2 tissue culture flask at a 
density of 10 6 cells per milliliter in culture medium. The cells 
were stimulated with or without 1.5 pM CpG-ODN at defined 
times and harvested by centrifugation at 4°C, 1000 x g for 
I5min. Cell pellets were washed twice with ice-cold PBS, 
resuspended and sonicated in extraction buffer containing 
25 mM Tris-HO {pH 7.5), 2mw p-mercaptoethanol and pro- 
tease inhibitor cocktail. After centrifugation at 10000 x gfor 
20 mm, ammonium sulfate was added to the supernatant until 
the final concentration readied 50% saturation w/v. The solu- 
tion was stirred at 4°C for 30min and centrifuged at 30000 x g 
for 30min at 4°C. The supernatant fraction was then trans- 
ferred into a fresh tube, and the precipitated protein pellet 
solubilized in extraction buffer To remove salts and other con- 
taminants, the extracts were treated with a pre<ooled (-20°C) 
solution of 10%TCA in acetone with 0.07% (3-mercaptoetha- 
nol. Proteins were allowed to precipitate overnight at -20°C. 
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After centrifugation, the pellet was washed with ice-cold ace- 
tone, containing 0.07% {Wnercaptoethanol. The supernatant 
was discarded and the peDet dried in a SpeedVac system (Model 
AES1010; Savant, Holbrook, NY. USA). 

2.5 2-DE 

2-DE was performed using an IPGphore IEF and a Hofer 
DAU vertical unit (Amersham Biosciences, Piscataway^ NJ, 
USA). One milligram of dried protein sample was dissolved 
in 350 uL of rehydration buffer solution, containing 7 m urea, 
2 m thiourea, 4% w/v CHAPS, 5 mM tributyl phosphine, and 
2% IPG and loaded onto an immobilized pH 3-10 linear 
gradient strip (18cm), followed by rehydration for 16h. IEF 
was then performed in the following manner 100 V for 
30min, 250 V for 30 ruin, 500 V for 30min, 10O0V for 
30 min, 4000 V for 30 min, 6000 V for 55 000 Vh. At the end 
of IEF, the IPG strips were equilibrated for 15 min in buffer 
containing 6 m urea, 2% w/v S0S, 30%v/v glycerol, and 
50 mM Tris, pH 6.8, then reduced with 65 mM dithiorery- 
thritol (DTE) and subsequently alkylated with 135 inM 
iodoacetamide for another 15 min. After equilibration, the 
IPG strips were immediately placed on top of a 12% SDS^ 
PAGE (1.5 mm,. 20x24 cm). The second dimension gels 
were then overlaid with molten 0.8% agarose solution in 
SDS electrophoresis buffer. Electrophoresis was performed 
at 16°C, starting at 10mA per gel for 1 b, followed by 45 mA 
per gel until the dye front reached the bottom of the gels. 

2.6 Staining and image acquisition 

Immediately after electrophoresis, gels were stained with 
SYPRO Ruby {Molecular Probes, Eugene, OR, USA). In 
brief, gels were fixed for 30 min in 10% methanol. 7% acetic 
acid, and then stained overnight in SYPRO Ruby stain. The 
staining solution was removed and gels were washed in 1 0% 
methanol and 7% acetic add for 3 h. After staining, image 
acquisition was carried out on a Typhoon 9200 (Amersham 
Biosciences). To identify a protein, spot detection, quantifi- 
cation and matching of 2-D results were analyzed using 
ImageMastei software (Amersham Biosciences). The M, of 
the pioteins were calibrated according to the LMW-SDS 
Marker Kit (Amersham Biosciences), and their pi values 
were estimated from the position of the protein spots on the 
2-D gel and confirmed with the information supplied by the 
manufactuier. Since most of ihe pi values for the truncated 
proteins had not been reported previously, the p7 values of 
the truncated proteins were estimated from the position of 
the observed spots. To omit the variation due to the use of 
separale gels, after background subtraction, the intensity 
levels of protein spots on each gel were normalized as a pro- 
portion of one reference spot, and protein quantities were 
calculated by integrating the density over the spot area. Pro- 
tein spots that showed reproducible modulation exceeding 
-80% after CpG-ODN treatment in three experiments were 
further analyzed by MS. 
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2.7 In-gel digestion with trypsin and extraction of 
peptides 

Protein spots were excised from stained gels and .cut into 
pieces. In brief, gel spots were dehydrated with ACN for 
lOmin and dried in a vacuum centrifuge. Gel pieces were 
reswelled with 55 mM DTE in 25 mM ammonium bicarbon- 
ate (pH 8.5) at 37°C for 1 h. The solution was then exchanged 
with alleviation solution, which contained 100 mM iodoaceta- 
mide in 25 him ammonium bicarbonate (pH 8.5), at room 
temperature for 1 h. After- aUcylati on, the gel pieces were 
washed twice with 50% ACN in 25 mu ammonium bicarbo- 
nate {pH 8.5) for 15 min. The wash solution was discarded 
and the pieces of gel were dehydrated with ACN for 10 min 
and dried in a vacuum centrifuge. Tryptic digestion was 
initiated by reswelling the gel in 25 mM ammonium bicar- 
bonate solution with 25 ng of trypsin (Promega, Madison, 
Wl, USA). After incubation at 37>C for 16h, tryptic peptides 
were extracted twice with 50% ACN containing 5% formic 
acid for 3 5 min with moderate sonication. The extracted 
solutions were pooled and evaporated to dryness in a vacuum 
centrifuge. The dried peptide mixture was dissolved in 0.1% 
formic acid and used for MS. 

2.8 MALDI-Q-TOF MS and protein identification 

Tryptic peptides analyses were performed using a Micromass 
Q-TOF Ultima MALDJ (Micromass, Wythenshawe, U.K.) 
equipped with a 337 nm nitrogen laser and operated in 
reflection positive ion mode. Peptide mixtures (1 uL) were 
premixed with 1 pL of the matrix (5mg CHCA in 50% ACN 
with 0.1% TFA) then spotted onto the MAUD! target plate. 
Mass spectra were acquired for the mass range of 900- 
3500 Da and the individual spectra from MALDI MS or MS/ 
MS were processed using the Micromass MassLynx 4.0 soft- 
ware. The generated pealc list files were used to query the 
Swiss-Prot database using the MASCOT program (http:// 
www.matnxscience.com) with the following parameters: 
peptide mass tolerance, 50ppm; MS/MS ion mass tolerance. 
0.25 Da; allowance of missed cleavage, ]; and consideration 
for variable modifications such 3S oxidation of methionine 
and carboxyamidomethylation of cysteines. Only significant 
hits as defined by MASCOT probability analysis were con- 
sidered initially. In addition, when the PMF matches were 
between 5 and 9, at least one peptide sequence was manually 
checked by MALDJ MS/MS analysis. 

2.9 RT PCR analysis 

cDNA from THP-1 cells was. produced with Superscript JJ 
reverse transcriptase (Invitiogen) using a oligo(dT) 15 primer 
for 1 h at 42°C. PCR of cDNA was performed using speciBc 
primers for the gene of interest and control P-actin. All PCK 
products were electrophoresed on a l r 5% agarose gel, and 
DNA bands were visualized by staining the gel with ethi- 
dium bromide. 
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Human THP-1 or mouse macrophage RAW264.7 cells 
were cultured in a six-well culture 
plate and treated with or without 1.5 um CpG-ODN for 
the . designated times. After stimulation, cells were harvest- 
ed by centrifugation at 1000 x g for 15rniri in a refri- 
gerated centrifuge and washed twice with cold PBS buffer 
The cells were rysed on ice for lSrnin with 300 uL lysis 
buffer (Pierce, Rockford, USA), supplemented with pro- 
tease inhibitor cocktail (Sigma). The lysates were cen- 
rrifuged at 12000 x g for 15 rain at 4°C, and protein 
concentrations of supernatant were determined using the 
Bio-Rad Protein Assay (Hercules, CA> USA). The lysates 
(50 ug of protein/lane) were subjected to 12% SDS-PAGE 
and transferred to NC membranes (Amersham Bio- 
sciences). The membranes were blocked in PBS-0.1% 
Tween 20 (PBST) containing 5% non-fat skim milk at 
room temperature for 1 h, followed by staining with anti- 
ADP-ribosylation factor 3 (ARF-3) monoclonal antibody. 
(0.1 ug/mL; Sigma). The membranes were then incubated 
with horseradish peroxidase-conjugated secondary anti- 
body (dilution, 1:3000) for 1 h. After washing three times 
with PBST, specific bands were detected by chemilumi- 
nescence according to the manufacturer's protocol 
(Amersham Biosciences). 

2.11 Cell translection and luciferase assay 

HEK293 cells (5 x 3 x 1 Orwell) were transfected using 
FuGENE 6 (Roche Molecular Biochemicals, Indianapolis, 
IN, USA) plus 0.1 ug P 5xNF-kB-1uc (Stratagene, La Jolla, CA, 
USA), 0.05 ug pCDNA3.1 ^-gajactosidase, and pCDNA3.1- 
hTLR9 overnight The cells were incubated with or without 
1.5 um CpG-ODN for 8h and then lysed. NF-kB luciferase 
activity assays were performed as recommended by the 
manufacturer (Promega). 0-galactosidase activity was used to 
normalize the data. 

2.12 Enzyme activity assay 

Pyruvate kinase activity was assayed in a solution (1 nil) 
containing lOOmM Tris-HCJ (pH 8.0), lOOmM KG, lOmM 
MgCl 2 , 0.2 mM NADH, lOmM PEP, 1.5 niM ADP, 1 unit of 
lactate dehydrogenase, and an appropriate amount of cell 
lysate from CpG-ODN untreated or treated THP-1 cells. The 
reaction was monitored at 30°C for a period of time by 
measuring the decrease in absorbance at 340 run. PGK ac- 
tivity was assayed in a coupled reaction with glyceraJdehyde 
3-phosphate dehydrogenase (GAPDH) as described by Lee 
[25]. In brief, the assay was performed at 30°C in a total vol- 
ume of 1 mL containing lOOmM Tris-HCJ (pH 7.9), 10mM 
MgCl 2 , 0.15 mM NADH, 2mM ATP, 6mM 3-phosphoglyce- 
rate, 0.1 mg/mL BSA, 50 mg of GAPDH, and an appropriate 
amount of cell lysate. NADH consumption was monitored at 
340 nm. 



3.1 Effect of CpG-ODN on gene expression profiles of 
human THP-i cells 

To elucidate the elTect of CpG-ODN on gene expression, 
THP-1, a cell line known to express TLR9 and respond to 
CpG-DNA (23, 24) was cultured with or without CpG- 
ODN. Since preliminary experiments showed that 1.5 um 
CpG-ODN caused more contrasting results between nor- 
mal and CpG-ODN treated cells, .1.5 um CpG-ODN was 
used throughout the experiments. To distinguish CpG- 
ODN treated samples from the control, total cellular RNA 
of normal and CpG-ODN treated cells was isolated and 
labeled with the fluorescence dyes, Cy5 and Cy3, respec- 
tively. The labeled RNA was then used for hybridization 
with a Human 1 cDNA microchip from Agilent Technol- 
ogies. Of the 13 000 human genes represented on the 
gene array, a total of .55 genes changed expression sign- 
ificantly after 2h CpG-ODN treatment Among these, 
50 genes were up-regulated while five genes were down- 
regulated by a factor > 2. These genes were sorted by 
functions and are listed in Tables 1 and 2. They included 
notably 1L-18 receptor accessory protein, MSG A beta 
gene, thioredoxin, pro-pol d UTPase polyprotein, Spl40, 
connexin 59 gene, Grb2-lflce 2, en oyl- coenzyme A hydra- 
tase, propionyl coenzyme A carboxylase, cytochrome P450, 
and WNTl inducible signaling pathway protein 2 (WISP- 
2) etc. The function of these genes are known to be relat- 
ed to inflammatory responses, antimicrobial defense, 
transcriptional regulation, intracellular signal transduc- 
tion, tumor progression, cell differentiation, proteolysis 
etc 

Table 1. Genes up- regulated (> 2 fold) in human THP-1 cells after 
2 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL-18 receptor accessory protein AF077346 

T cell receptor V beta gene X58806 

MGSA, beta gene U03019 

Antigen gene {PA) M21B96 

TIED NM.004791 

Platelet activating receptor AF002986 

Antimicrobial defence 

Thioredoxin NM_003329 

Pro-Pol-dUTPase polyprotein AC0O4748 

Nuclear body protein Spl 40 U63420 

Transcriptional regulation 

Putative transcription factor LUZP AI986271 
General transcription factor II, I, pseudogene 1 AI700706 

Connexin 59 gene L29277 

Basic helix-loop-helix protein class B 1 AF221520 
(BHLHB1) 
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Table t. Continued 



Gene name and description 



Genebank 



Tabled Genes down, regulated {> 2 fold) in human THP-1 cells 
after 2 h of CpG-ODN treatment 



(cnangeo told > Z) 


number 


Regulatory protein 




Advil) in 


AF041449 


Channel and transport . 


i 


Small GTP binding protein Rab9 


U 44 103 


FXYD domain-containing ion transport 


All 25364 


regulator 1 








.CLIO ^Am^in CrkO lilra *> 

orw-oomain orb^-ince / 


AF036268 


Tit in 


X90568 


Titin associated orotein f 165kD nrotpini 


VRQORQ 
ADjUoj 


KJAA1451 protein 


AB040884 


Vasoactive intestinal peptide receptor 


U11087 


L~Fi£.yjnc diiu piuicaoc 




EnoyFCoenzyme A, hydratase 


A 18005 S3 


Nephrin, B-type metal 1 oca r boxy peptidase 


U65090 


Propionyl Coenzyme A carboxylase 


AB011145 


Acyloxyacyl hydrolase (neutrophil) 


M62840 


Cytochrome P450 


U79716 


Intestinal alkaline phosphatase 


M31008 


Tumor progression and cell differentiation 




Retinoblastoma 1 


L11910 


Human genomic DNA of 9q32 anti-oncogene 


AB036268 


of flat Epitherium cancer. 




segment 6/10 




WNT1 inducible signaling pathway protein 2 


AF 100780 


(WISP-2) 




Structure protein 




Collagen, type IV, alpha 6 


D21337 


Beta Myosin heavy chain 


M58018 


Other 




Homo sapiens Cri-du-chat region mRNA, 


U52827 


clone NIBB11 




Human mRNA for l3minin alpha 5 chain, 


ABO 10099 


partial cds. 




imin ifke and l hyroxin-bindtng 


Z83850 


globulin precursor 




Hypothetical protein DKFZp434M0331 


AL137720 


Hypothetical protein FLJ1 1021 similar 


AK023985 


to splicing factor 




Hypothetical protein 


AL049851 


Chromosome 18 open reading frame 1 


NM_004338 


Arfaptin 1 


AW408785 


Zinc finger protein 8 IZFP8) 


M29581 


Zinc finger protein 137 (clone pHZ-30) 


U09414 


Olfactornedin related ER localized protein 


AI738468 


Cyclin-dependent kinase 8 


BE467537 


Integrin, alpha 1 


D87462 


KIAA0421 protein 


AB007881 


KIAA1233 protein 


AB033059 


Unnamed protein product 


AK026362 


NBL4 


X75535 


BC331 191.1 


AAD39268 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Zinc-finger homeodomain protein 4 . BAB03600 

Human protein kinase MEKK2b mRNA, AF239798 

complete cds. . 

Glypicari5 U66033 
Human genomic DNA, chromosome 22q 1 1 2, AP000362 

clone N75A72. 

Collagen, type I, alpha 1 Z74615 



longer stimulation of THP-1 ceils with CpG-ODN (8h) 
resulted in the up-regulation of 58 genes. These genes in- 
cluded notably 1L-10 receptor beta, formyl peptide receptor- 
like 1 (FPRL1), vitamin D receptor; nuclear receptor sub- 
family 1 (LxR), early B-cell factor, protein kinase C gamma 
(PKC), Nek, Ash, phospholipase C binding protein (NAP4), 
phosphoriboxyl pyrophosphate arnidotransferase, dishev- 
eled 3, WISP-2 etc. Analysis of the functions of the 58 up- 
regulated genes showed that they are associated with anti- 
inflammation, transcriptional regulation, intracellular signal 
transduction, tumor progression, cell differentiation, pro- 
teolysis, neurodegeneration, neuroprotectioD etc. (Table 3). 
We also found that the stimulation of THP-1 cells with CpG- 
ODN for different periods of times resulted in different pro- 
files. Several defense related genes such as IL-18 receptor 
accessory protein, Pro-Pol-dUTPase polyprotein, Spl40 and 
conuexin 59 were transiently up-regulated at 2h short stim- 

Table 3. Genes up-regulated |> 2 fold) in human THP-1 cells after 
8 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL- 10 receptor (beta) 

Formyl peptide receptor-like 1 (FPRL1) 

Vitamin D receptor 

NMDAR1 

CD44 antigen 

Nuclear receptor subfamily 1 (LxR) 
Neuromedin B receptor 

Transcriptional regulation 

Early B-cell factor (ebf) 

Neurogenic differentiation 1 (Neuro D) 

MAX dimerization protein (NESH protein) 

Ribosomal protein S6 kinase 

ASH2L 



Regulatory protein 

Hypothetical protein DKFZp434H0820 
Peroxisomal farnesylated protein 
LTBP4 " 

Neuronal penlraxin II 



U08988 

AF081535 

J03258 

Z32774 

AW028346 

NM_005693 

M73482 



AF 208502 
AB018693 
AB037886 
AF090421 
AB022785 



AL 137555 
X75535 
AF051344 
U29195 



© 2005 WILEY- VCH Verlag GmbH & Co. KGaA, Weinheim 



www.proteomics-journal.de 



Rroteomics 2005, 5, 894-906 



IB^R^c^ings 899 



Table 3. Continued 



Table 4. List of antimicrobial and anti-inflammatory genes 
modulated by CpG-ODN treatment of THP- 1 cells 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Channel and transport 

Gamma-aminobutyric [61 J A receptor NM_004961 

ATP synthase subunit F6 M37104 

transient receptor potential channel 1 Z73903 

Choroideremia (Rab escort protein 1) X57637 

Signal transduction 

Protein kinase C, gamma 215114 

Regulator of G-protein signaling 5 AI674877 . 

Nek, Ash and phospholipase C binding . AB005216 

protein INAP4) 

Highly similar to adeylate kinase gene ABO 16886 

Enzyme and protease . 

Phenylalanine hydroxylase AA203389 

Carboxypeptidase A1 X67318 

Xylulokinase AK001205 

Pancreatic lipase J05125 

Ubiquitin specific protease 12 AF022789 

Transmembrane protease, serine2 U75329 

Aspartate bata-hydroxylase U03109 

Phosphoribosyl pyrophosphate D13757 
amidotransferase 

Tumor progression and cell differentiation 

CDC23 AF053977 

WiSP-2 AF 100780 

Microseminoprotein, beta M34376 

Dishevelled 3 NM_004423 

Structure protein 

Trichohyalin L09190 

Kertain AF061809 

Other 

Human transferrin pseudogene M22376 

TIMP-2 U44383 

Collagen-like protein U67921 

Human genomic DNA, chromosome 21q, AP0017 16 
section 60/105 

Human genomic DNA, chromosome 21q, AP001720 

section 64/105 

KIAA0136 D50926 

KIAA0379 AB002377 

KIAA0489 AB007958 

KIAA1114 AL049732 

KIAA1451 AB040884 

KIAA0756 AB0 18299 

Zinc finger protein 267 AF220492 

Hypothetical protein FU 10633 AK001495 

Hypothetical protein EUROIMAGE 1955967 AK026108 

Mybl homolog like 1 AK001893 

Antizyme inhibitor D88674 

Disinlegrin-like and metalloprotease AB002364 

(reprolysin type) with Thrombospondin 

type 1 motif, 3 

ADP-ribosylation factor 3 (ARF-3J M74491 

Testis specific protein, Y-linked M98525 

Unnamed protein AK026042 



Gene name 



Genebank 



Expression fold 





number 




2h 


8h 


Connexin 59 gene 


L29277 


2.12 


±0.05 


1.74 ± 0.08 


IL-18 receptor 


X58806 


2.32 


± 0.21 


1;19±0.13 


accessory protein 










Integrin, alpha 1 


X68742 


2.01 


±0.03 


1.05 ±0.10 


Nuclear body protein 


U63420 


2.22 


± 0.11 


1.39 ±0.04 


Sp140 










Pro-PoWUTPase" 


AC004748 


2.33 


± 0.18 


0.95 ± 0.03 


polyprotein 










Thioredoxin 


NM_003329 


2.20 


±0.08 


1.07 + 0.01 


FPRL1 


AF081535 


0.95 


± 0.06 


2.13 ±0.11 


IL-10 receptor 


U08988 


1.22 


±0.18 


2.21 ± 0.07 


bcR 


NM.005693 


0.90 


± 0.03 


2.37 ± 0.31 


Vitamin D receptor 


J03258 


1.37 


± 0.23 


2.39 ±0.11 



Expression fold is designated as the ratio of CpG-ODN treated 
over control 



ulation but were down-iegulated thereafter, while anti- 
inflammatory associated genes such as FPRL1, 1L10 recep- 
tor, vitamin D receptor and LxR were up-regulated after 8h 
stimulation (Tables J, 3 and 4). 

3.2 Verification of the microarray results with RT-PCR 
or Western blotting 

To verify the results from the microarray analysis, we also 
performed RT-PCR on the up-regulated genes (Fig. 1). Con- 
sistent with results obtained in the microarray gene expres- 
sion analysis, RT-PCR studies showed that the mRNA levels 
of some selected genes, including ubiquitin specific pro- 
tease 12, regulator of" G-protein signaling 5, NAP4 and 
ASH2L were increased in response to CpG-ODN (Fig. 1, 
Table 3). In addition, the protein expression level of ARF-3 

~ GpC-ODN CpG-ODN 



Untreated 





8SS 









Ubiquitin specific 
pnertaase 12 

Regulator of G- 
protein signaling 5 

NAP4 

ASH2L 



Figure 1. Induction of various genes by CpG-ODN. THP1 cells 
were stimulated with medium alone, 1.5 um GpC-ODN las the 
negative controO or CpG-ODN for the indicated times. -RT-PCR 
was then performed to analyze gene expression levels. p-actin 
was used as an internal control. The experiment was repeated 
three times with similar results. 
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Figure 2. CpG-ODN induced ARF-3 protein expression in human 
THP-1 or mouse RAW264.7 cells. THP-1 (A) or mouse RAW264.7 
IB) cells were incubated with 1.5 um CpG-ODN for the indicated 
time points. The protein expression level of ARF-3 was deter- 
mined by Western blotting of cell extracts using anti-ARF-3 anti- 
body. The experiment was repeated three times with similar 
results. 

was shown to increase in Western Wotting analysis in cell 
lysates from THP-1 cells treated with CpG-ODN for 8-24 h 
(Fig. 2A). Similar studies showed that the ARF-3 protein was 
also induced by mouse specific CpG-ODN in other TLR9 
expression cell lines such as the mouse macrophage 
RAW264.7 cell line (Fig 2B). 

3.3 Proteins regulated in CpG-ODN stimulated THP-1 
cells 

To further assess whether there was any correlation between 
regulation of gene expression and expression of cellular pro- 
teins, a proteomic approach was adopted to identify protein 
expression profiles. THP-1 cells were treated with CpG-ODN 
for defined times (from 8 to 40h), and their cytoplasmic 
proteins were extracted for 2-DE analysis. Although the use 
of high concentrations of urea might give us a broader view 
of all the proteins affected by CpG-ODN, preliminary results 
from 2-D gels showed that the resolution of the protein mix- 
tures were not satisfactory. To improve and get the best reso- 
lution from 2-DE, total proteins were roughly separated into 
supernatant and precipitated fractions using 50% saturated 
ammonium sulfate solution. To remove sails abd other con- 
taminants, both protein fractions were precipitated with TCA 
solution and then subjected to 2-DE. By protein spot deter- 
mination analysis, about 500 and 450 well-resolved spots 
were observed on each pH 3.0-1 0.0 gel for precipitated or 
supernatant fractions, respectively. Comparative analysis of 
2-DE between treatments and control showed that the inien- 
sities of The p/otein spots from the ammonium sulfate pre- 
cipitated fraction did not change, while several protein spots 
were up-regulated by at least -80% in the supernatant frac- 
tion of 8h CpG-ODN stimulated THP-1 cells (Fig. 3). 

The protein spots were individually excised from gels for 
further identification. After trypsin digestion, several protein 
spots were identified without ambiguity by MS MALDI- 
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Figure 3. The effect of CpG-ODN on the 2-DE profile of THP-1 
cells. THP-1 cells were treated with or without 1.5 pw, CpG-ODN 
for 8h. Total proteins were extracted and roughly separated into 
two fractions by 50% saturation with ammonium sulfate. The 
supernatant fraction was then separated by 2-DE. Protein spots 
were visualized by SYPRO Ruby staining. Comparison of CpG- 
ODN treated THP-1 celts to untreated cells showed that these 
proteins changed in intensity by over 80%. Protein spots were 
identified by trypsin digestion and MS. Localization of protein 
spots 1 {enoly-coenzyme A hydratase), 2 Iproteasome a) and 3 
(cyclophilin A; two isoforms) are shown. The experiment was 
repeated three times with similar results. 



TOF. These proteins included HSP60, HSP90, cydophi- 
lin A, enoyl-coenzyme A hydratase, eukaryotic translation 
elongation factor, proteasome a and p" chain and ATP syn- 
thase beta chain (Table 5). Similar experiments on cells 
treated for a longer period of time with CpG-ODN stimu- 
lation (25 h) revealed that 27 protein spots were changed in 
intensity by at least -80%. These protein spots contained 
members of HSPs (HSP27. hsc70, grp78 and grp94), 
metabolic enzymes (ph osphoglycerate kinase (PC K) and 
pyruvate kinase (PYK)), macrophage capping protein and 
cycIophiJin A (Table 6). Among these proteins, macrophage 
capping protein, PGK, PYK, cyclophUin A and HSP27 
(Figs. 4 and 5A) were found to be up-regulated. Interest- 
ingly, we found that a truncated form of grp78 with an 
expected mass of 25 kDa and pi of 5.3 was up-regulated 
while grp78 itself was down-ieguJated. A similar situation 
was also found for grp94 and hsc70 and their truncated 
derivatives (Table 7 and Fig. 5). In addition, we also ob- 
served six down -regulated protein spots on 2-D gels in 
samples after 25 h CpG-ODN treatment. Among these six 
proteins, we have successfully identified three as 40s ribo- 
somal protein SA. grp78 and hsc70," respectively (Table 6), 
while the other three, due to their relative low abundance, 
have not been identified yet. 
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Table 5. List of proteins modulated by 8 h CpG-ODN treatment 



Protein name 


Accession 


H . 




Matched 


Cover- 


Score 


Expression 




no. 


(theor.) 


(theor.) 


no. 


age 




fold 


ATP synthase beta-chain 


gi114549 


56 525 


5.26 


16 


58 


171 


2.33 ± 0.06 


Cyclophilin A 


P05092 


17 870 


7.82 


5 


35 , 


62 


2.85 ± 0.13 


Enoy^Coenzyrbe A 


gi4503447 a) » 35 971 


6.61 


11 


44 


62 


2.52 ±0.05 


hydratsse 
















Eukaryotic translation 


gi4503481 


50 087 


6.25 


6 


25 


68 


3.41 ±0.21 


elongation factor 


P10809 b ' 














HSP60 


57 963 


5.24 


13 


27 


76 


2.78 ± 0.03 


HSP9f>beta 


P08238 


83 133 


4.97 


10 


*8 


65 


2.36 ± 0.10 


Proteasome a chain 


gi4506181 


25 882 


6.92 


11 


59 


80 


2.52 ±0.11. 


Proteasome p* chain 


gi4506193 


26 472 


8.27 


9 


46 


84 


3.85 ±0.17 



Expression fold is designated as the ratio of CpG-ODN treated over control 

a) . NCBI accession number 

b) Swiss-Prot accession number 



Table 6. List of proteins modulated by 16 and 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot M, 




Match- 


Cover- 


Score 


Expression fold 




no. 


(theor.) 


(theor.) 


ed no. 


age% 




16h 


25h 


Cyclophilin A 


P05092 


17 870 


7.82 


5 


35 


62 


2.53 ± 0.02 


2.48 + 0.15 


78kDa glucose regulat- 


P11021 . 


72 288 


5.07 


13 


30 


148 


0.61 ± 0.04 


0.29 ± 0.06 


ed protein (grp78) 


















HSP27 


P04792 


22 768 


5.98 


12 


59 


124 


1.00 ± 0.01 


2.61 ±0.12 


Heat shock cognate 


PI 11 42 


70 854 


5.37 


16 


34 


114 


0,64 ± 0.01 


0.31 ± 0.03 


70 kDa protein 


















(hsc70) 


















Macrophage capping 


P40121 


38 494 


5.88 


9 


30 


58 


1.31 ±0.01 


2.58 ± 0.03 


protein 


















Phosphoglycerate 


P00 558 


44 284 


7052 


11 


33 


71 


2.32 ± 0.11 


4.23 ±0.19 


kinase 


















Pyruvate kinase 


P14618 


57 710 


7.95 


17 


32 


114 


1.65 ±0.07 


2.70 ± 0.12 


40s ribosoma! protein 


P08865 


32 833 


4.79 


5 


23 


61 


0.33 ± 0.02 


0.35 ± 0.05 



SA (RSP40) 



Table 7. List of truncated proteins detected in THP-1 cells after 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot 


/Vf, 


P/ 


Matched 


Cover- 


Score 


Expression 




no. 


(obs.) 


lobs.) 


no. 


age% 




fold 


94 kDa glucose- regulated 


PI 4625 


^ -59 700 


-5.00 


12 


14 


104 


New*' 


protein tgrp94) 
















Truncated form of grp78 


P11021 


-25000 


-5.30 


12 


22 


75 


New 


Truncated form of hsc70 


P11142 


-22 000 


-5.80 


12 


20 


96 


New 


Truncated form of hsc70 


P)1142 


-19 000 


-6.10 


11 


18 


113 


New 



d) New designated proteins detecled in the CpG-ODN treated gel but not in the corresponding control gel 



3.4 Comparison of micro array and proteomic results 

Table 8 shows the expression of six genes and their corre- 
sponding proteins that were modulated by 8h treatment of 
THP-1 cells with CpG-ODN. Besides enoyl-coenzyrne A 
hydratase, there was poor correlation between the expression 



of genes and their corresponding proteins (Table 8), sug- 
gesting that more in-depth studies were needed. To further 
evaluate whether changes observed in protein expression 
correlated with changes in mRNA levels, we randomly chose 
two proteins (PGK and PYK) that were induced after 16h 
CpG-ODN treatment and determined their mRNA levels by 
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Figure 4. 2-D gel electrophoretic analysis of CpG-ODN-treated 
THP-1 cells. (A) Total cell protein from unstimulated THP-1 cells 
was subjected to 2-DE (B) THP-1 cells were treated whh or with- 
out 1,5 pM CpG-ODN for defined times. Cellular proteins were 
extracted and separated by 2-DE. Several up-regulated proteins 
are shown in the SYPRO Ruby staining gel. Comparison of CpG- 
ODN treated THP-1 cells to untreated cells showed that these 
proteins changed in intensity by over 80%. The experiment was 
repeated three times with similar results. 



(A) 



33kDa 



Figure 5. 2-D gel electrophoretic analysis of CpG ODN-treated 
THP-1 cells. THP-1 cells were treated with or without 1.5 pM CpG- 
ODN for defined limes. Cellular proteins were extracted and 
separated by 2-DE. Protein spots were detected by SYPRO Ruby 
staining. {A) Expression of HSP27 was induced by increasing the 
period of CpG-ODN stimulation. A truncated form of hsc70 was 
detected on the gel. |B) The nalive form of grp78 was detected in 
untreated cells, while the truncated form of grp78 was observed 
after 25 h stimulation. The experiment was repeated three times 
with similar results. 
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Table 8. Comparison of gene and protein expression levels in 
THP-1 cells after 8 h CpG-ODN treatment 



Protein name 


Gene 


Protein 




expression 


expression 




fold from 


fold from 




microarray 


2-D gel 



Enoyl-Coen2ynr>e A hydratase 
Eukaryotic translation 

elongation factor 
HSP60 
HSP90-beta 
Proteasome a chain 
Proteasome 0 chain 



1.72 ± 0.31 
0.95 i 0.01 

0.94 ± 0.07 
1^58 ± 0.11 
0.98 ± 0.03 
1.09 ±0.11 



2.52 :t 0.05 
3141 ±0.21 

2.78 ± 0.03 
2.36 ±0.10 
2.52 ±0.11. 
3.85 ± 0.17 



RT-PCR. Our results showed that mRNA levels of PYX 
increased after 16 h CpG-ODN treatment, while mRNA 
levels of PGK were dramatically increased after 24 h stimu- 
lation (Fig. 6). In addition, we also performed enzyme activ- 
ity analysis and found that the activity of PGK and P YK were 




2.5 



O 

> 



2 - 



(B) 



DGpC-ODN 
0 CpG-ODN 



1 

0.5 




0 2 « B 16 24 

Time (h) 

Figure 6. Activities of PYK and PGK induced by CpG-ODN. THPl 
cells were stimulated with medium alone, 1.5 um GpC-ODN (as 
ihe negative control) or CpG-ODN for the indicated times. Cell 
lysaies were extracted and assayed for (A) PYK and (B) PGK ac- 
tivities. Data represent mean ± SEM. in = 3). 
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Figure 7. Induction of PYK and PGK transcripts by CpG-ODN, 
THP1 cells were stimulated with medium alone, 1.5 mm GpC-ODN 
or CpG-ODN for the indicated times. RT-PCR was then performed 
to analyze gene expression, pectin was used as an internal con- 
trol. The experiment was repeated three times wHh similar 
results. 



indeed ina eased by a factor ~2.5 after CpG-ODN stimula- 
tion (Fig. 7). To confirm that mRNA induced by CpG-ODN 
would also be accompanied by an increase in protein 
expression even though it was not detected in 2-D gel analy^ 
sis, we used more sensitive and specific Western blotting 
analysis. As shown in Table 3 arid Fig. 2, ARF-3 was identi- 
fied in the miaoarray gene profile but not in the proteomic 
expression profile. Nevertheless, we observed enhanced pro- 
tein expression of ARF-3 after CpG-ODN stimulation by 
Western blotting. Moreover, to investigate whether the up- 
regulation of ARF-3 by CpG-ODN is mediated through the 
TLR9 pathway, TLR9-deficient HEK293 cells were transiently 
cotransfected with hTLR9 and luciferase-reporter gene driv- 
en by a NF-KB-dependent promoter. Our data showed that 
NF-kB activity of untransfected HEK293 cells were not 
responsive to CpG-ODN stimulation, while in transfected 
HEK293 cells expressing hTLR9, NF-kB ludferase activity 
was up-regulated 12-fold after 8h CpG-ODN stimulation. 
The activation of NF-kB induced by CpG-ODN was blocked 
by. pretreatment of the transfected cells with an ARF-3 in- 
hibitor, such as brefeldin A (Fig. 8), suggesting CpG-ODN 
induces ARF-3 and activates NF-kB after Ihe interaction of 
CpG-ODN with TLR9. 



4 Discussion 

In this study both microarray and proteomic approaches 
were used to evaluate the effect of CpG-ODN on gene/pro- 
tein expression profiles of THP-1 cells at several time points. 
Comparison of the gene expression profiles showed that 
stimulation of the cells with CpG-ODN for different periods 
of time resulted in different profiles (Tables 1-4). The differ- 
ences in mRNA expression between the cells with short and 
long stimulation could be attributable to the low reproduci- 
bility. However, to avoid experimental variations, we not only 
used the same batch of miooariays from the same manu- 
facturer but also appbed the samples of short and long term 
stimulation at the same time. In this way, we found that the 



903 



changes in expression fold of mRNA after CpG-ODN treat- 
ment were quite reproducible as shown by their mean 
± SEM (Table 4). A more likely explanation for the difference 
in the expression level of mRNA after different periods of 
stimulation with CpG-ODN is that the transient increase or 
decrease in these mRNA by CpG-ODN plays a significant 
role in modulating biological functions. For example, we 
found that the IL-18 receptor accessory protein from THP-1 
cells was up-regulated after 2h of CpG-ODN stimulation. 
The IL-18/IL18R system is known to activate Thl-mediated 
immune responses that play a critical role in host defense 
against infection [26]. Together with IL-18/IL18 R, several 
genes for antimicrobial defense were also increased, includ- 
ing thioredoxin, Pro-Pol-dUTPase poryproteiri and Spl40. 
After 8 h of CpG-ODN stimulation, however, none of these 
genes was activated any more (Table 4); Since sustained or 
excessive production of these antimicrobial molecules might 
lead to iruTamrnation and cellular damage |27J, a plausible 
explanation is that THP-1 cells fight against the invasion of 
pathogens by up-regulating antimicrobial defense-associated 
genes at an early stage of stimulation and then shut them 
down to avoid over-activation. Whether this explanation is 
true remains to be verified. 

It is noteworthy that our data also identified the up-reg- 
ulation of several anti-inflammatory associated genes after 
8h of CpG-ODN stimulation. These genes included FPRL1, 
IL-10 receptor, Wtamin D receptor, and LxR (Table 3). FPR 
and FPRL1 have been defined as chemotactic factors 
involved in host defense against bacterial infection and in the 
clearance of damaged cells. Additional studies have indicated 
that FRPL1 interacts with a menagerie of stmcturalry diverse 
pro- and anti inflammatory ligands associated with diseases, 
including amyloidosis, Alzheimer's diseases, prion disease 
and HIV (28, 29]. Therefore, FPRLl may play an important 
role in regulating and/or balancing the production of pro- 
and an ti- inflammatory molecules in CpG stimulated THP-1 
cells. Additionally, a recent study has demonstrated that LxRs 
and their ligands act as negative regulators of macrophage 
inflammatory gene expression and inhibit the expression of 
inflammatory mediators such as inducible nitric oxide syn- 
thase, cyclooxygenase and IL-G in response to bacterial 
infection or LPS stimulation [30]. Of interest, we found that a 
transcription factor gene connexin 59, a regulator of 1L-6 
expression, was up- regulated after 2 h of CpG-ODN stimula- 
tion. It is thus likely that CpG-ODN stimulation of THP-1 
cells for 2 h may induce the expression of the pro-inflamma- 
tory cytokine 1L 6 through the up-regulation of the connexin 
59 gene, while 8h of CpG-ODN treatment may counter- 
balance the initial inflammatory response by inducing LxR to 
inhibit 1L-6 production. 

Signal transduction molecules play an important role in 
cellular activation. Intracellular signal transduction systems 
employing various inlermolecular interactions through 
docking elements, including SH2 and SH3 domains, have 
been reported (31-33J. Here we found that THP-3 cetfs 
treated with CpG-ODN for 2 h up-regulated gene expression 
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of Crb2-like protein (which contains an SH3 domain), while 
8h of stimulation induced Nek, Ash and phospholipase C 
binding protein (NAP4 which contains an SH2 domain). It is 
thus possible that Crb2-like protein and NAP4 may play 
important roles in CpG-ODN mediated signaling pathways. 
Furthermore, recent studies have also revealed that binding 
of CpG-DNA to TLR? results in activation of INK [54). Since 
JNK is activated by Nek adaptor protein and Nek interacting 
kinase [35, 36), it is possible that CpG-ODN may activate JNK 
via up-regulation of NAP4. Although a recent publication 
described the gene expression profiles of a cultured mouse 
macrophage cell line after CpG-DNA stimulation [34], their 
microarray results were only conducted at one time-point 
(6h stimulation). Moreover, they did not report the meas- 
urement of protein expression profiles in response to CpG- 
ODN stimulation. 

Comparison of the gene and protein expression profiles 
showed that there was discordance between mRNA and pro- 
tein levels (Table 8). Similar discordance between the 
expression partem of genes and proteins was also reported in 
other system using different stimuli [37-41 J. The dis- 
cordance between mRNA and protein levels could be due to 
screening capability, such as detection sensitivity, choice of 
cut-off point, quantitativity of microarray and 2-D gels, as 
well as time discrepancy between gene and protein expres- 
sion [39, 40, 42, 43]. Alternatively, it could also be explained 
by post-trancriptionad events, such as alternative splicing or 
PTM [39, 40, 42, 43]. Another possible explanation is that 
most of the spots observed in the 2-D gels are isoforms of 
some proteins. The intensity of each spots does not neces- 
sary represent total amount of a certain protein and thus 
does not correlate with its mRNA level. Our finding that 
microarray results correlated better with Western blotting 
results {eg., ARF-3 in Fig. 2), an approach more suitable than 
2-D gels for determining, the total amount rather than iso- 
forms of a given protein, seems to suggest that formation of 
isoforms should be carefully taken into consideration when 
one tries to correlate mRNA and protein expression data. 

Using a pTOteomics approach, we found that CpG-ODN 
treatment up-regulated the expression of many proteins 
including HSPs, metabolic enzymes, structural proteins, as 
well as macrophage capping protein, cydophilin and protea- 
some a and p chain etc. HSPs are the most abundant and 
ubiquitous soluble intracellular proteins. They are up-regu- 
lated by various stressors including temperature, glucose 
deprivation, microbial infection and cancer [44). They func- 
tion as molecular chaperones to prevent protein aggregation 
and contribute to the folding of nascent and altered proteins. 
In addition, they are able to regulate immune responses, 
including production of inflammatory cytokines and che- 
mokines and activation or maturation of immune cells [45, 
46]. Beside HSPs, cydophilin as well as proteasome a and p 
chain have also been reported to be involved in the immune 
response (39, 47]; proteasome p chain is consistently up- 
regulated in human neutrophils following LPS exposure |39]. 
Our finding that the protein levels of HSPs, cydophilin, and 
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proteasome a and 0 chain were increased after CpG-ODN 
treatment suggests that thesemolecules might play a role in 
the immunostimulating effect of CpG-ODN. To what extent 
these proteins contribute to the immune responses of the 
cells to CpG-ODN is currently under study. Proteomic anal- 
ysis also showed that truncated forms of grp78, grp94 and 
hsc70 were induced, a phenomenon similar to calreticulin- 
observed by Richards and his coworkers [48]. The expression 
of full length hsc70 and grp78 were decreased, while the 
levels of their truncated derivatives was increased after CpG- 
QDN treatment. These- results suggest that the degradation 
of these proteins has been enhanced We also found that 
proteosome a and 0 chains as well as ubiquitin specific pro- 
tease 12 were increased by CpG-ODN. Whether these 
enzymes or other enzymes were responsible for the genera- 
tion of truncated hsc70 and grp78 remains to be elucidated. 

Cells rely on multiple signaling pathways to determine 
their fates of survival, proliferation or apoptosis |49J. In fact, 
apoptosis plays an important role in regulating pathogen 
infection. To be able to grow and replicate in the target cells, 
pathogens may have to bloc* apoptosis. Results from several 
laboratories have made it dear that HSP70 and HSP27 pro- 
tect cells not only from heat, but also from most apoptotic 
stimuli [48, 50] by binding to Akt and subsequently mediat- 
ing anti-apoptotic activity through activation of Akt (5 1-5 3J. 
Since our data revealed that CpG-ODN induced the expres- 
sion of HSP90 and HSP27, it is possible that CpG-ODN 
might prevent apoptosis by up-regulation of HSPs. 

Interestingly, our microarray data also showed that CpG- 
ODN mediated the induction of a set of genes associated 
with tumor progression and cell proliferation. Among these, 
one gene, W1SP-2, was up-regulated by CpG-ODN after both 
2 and 8h stimulation. WISP genes were first identified as 
downstream targets of the WnMp-catenin signaling path- 
way. They belong to the CCN family of growth factors that 
have been receiving increasing attention lately due to some 
of the family members having been reported to be involved 
in angiogenesis and tumorigenesis [54]. It would be inter- 
esting to evaluate whether CpG-ODN plays a role in angio- 
genesis and tumorigenesis by regulating WISP-2. In addi- 
tion, we found that some genes associated with neurode- 
generation or neuroprotection, such as FPRU, NMDAR 
(NMDA) receptor, PKC and dishevelled 3 were up-regulated. 
To our knowledge, this is the first report to suggest an asso- 
ciation between these genes and CpG-ODN stimulation. As 
mentioned above, FPRU plays a crucial role in proin- 
flammatory aspects of systemic amyloid sis and neurodegen- 
erative disease such as Alzheimer's disease and prion disease 
(28]. NMDAR, PKC and disheveled are involved in modulat- 
ing amyloid precursor protein metabolism, which is centra] 
to the pathogenesis of Alzheimer's disease [55-57]. Most 
notably, recent studies have shown that the TLR4-depen dent 
pathway is involved in neurodegenerarion of the central 
nervous system [58]. Whether CpG-ODN moieties of patho- 
gens play any role in neurodegenerative diseases such as 
Alzheimer's remains to be elucidated. 
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are related to inflammatory responses, antimicrobial defense, 
transcriptional regulation, intracellular signal transduction, 
rumor progression, cell differentiation, proteolysis, anti-apop- 
tosis as well as neurodegeneration and neuroprotection. Our 
results may help delineate the CpG-ODN mediated pathway 
and contribute to further understanding of mechanisms that 
link innate immunity with acquired immune response(s). 
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1.5 mm CdG ODN 



Figure 8. ARF-3 participates in the CpG-ODN-TLR9-NF-icB path- 
way. HEK293 cells were cotransfected with p5xNF-tcB and human 
TLR9. After overnight transfection, the cells were incubated, with 
or without 1.5 um CpG-ODN for 8h in the presence or absence of 
increasing concentrations of the ARF-3 inhibitor brefeldin A. 
After incubation, cells .were lysed and NF-xB luciferase activity 
was measured. Data represent mean ± SEM. [n - 3). 



Exposure of cells to LPS or microbial infection has been 
known to induce several genes encoding metabolic enzyme 
1 34, 39). Ourmicroarray data also revealed that a large number 
of genes encoding proteins involved in energy synthesis and 
fatty acid oxidation, such as en oyJ- coenzyme A hydratase, 
propionyl coenzyme A carboxylase and cytochrome p4 50 
were activated by CpG-ODN treatment. In addition, we found 
that other proteins such as ARF-3 were up-regulated (Table 3, 
Fig. 8). ARFs are 20kDa GTPases of theras superfamily that 
are critical to vesicular trafficking, including exocytic protein 
transport and endocytosis (59, 60]. This study demonstrates 
for the first time that ARF-3 is involved in the activa tion of N F- 
kB induced by CpG-ODN (as shown in Fig. 8) 

CpG-DNA/ODN has been shown to elicit primarily 
responses via the TLR9/MyD88 dependent pathway [18, 21, 
22]. Chromosome location analysis showed that instead of 
localizing on one or two chromosome, the genes/proteins 
modulated by CpG-ODN stimulation are scattered on aU 
chromosomes except chromosomes 23 and 24. These results 
seem to suggest that CpG-ODN either affects multiple chro- 
mosomes simultaneously or subsequently via cascades of 
cellular messengers. More studies are needed to elucidate its 
mechanism of actions. 



5 Concluding remarks 

In summary, by using microarray and pioteomic approaches 
to evaluate the effect of CpG ODN at different time points, 
we have found that genes/proteins regulated by CpG-ODN 
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Localization of Tissue Inhibitor of MetaJloproteinases 1 rrnup i * • V ' 
Colorectal Adenoma and Adeaocarcinoma OW-l) n, Human 

p^e H sttctN^ 

^7i* Finsen Laboratory, Rigshopitalet, Denmark * ' ' ' 

ZK^nr o/JVgic, G^^^ y mWj> 



Tissue inhibitor of malm tnelaJJoproteases 1 (TJMP it s»ktKu 
•he proteolytic activity of ^ra^SrolSt^ 
prevents cancer invasion. However TIMT J" 7 

transformation and stimulation of cett^wth mTfcf^^^ 
onsly demonstrated tbat nMP-l fa dtyflTt^f ^ 
rectal cancer patients and that hid. Timi^?? C<>,<K 
prognosis. To clarify the role of TOOT • iT", i ^? P^ 0 ' poor 
esisTme egression pat^ or in b^^^ 

muscle cells. Comparison of sections p S WTlU 
TnVD>.l mRNA^ - showed good correlation between 

muscle actio or CD68 dJJdmSSS^lluWJ^"*^ 
but hot in macrophages. TIMP i iTuti x , myofibroblasts 
adenomatous ^tt^iL^r ^i'**'* m 2 »' ' 
with focal strom^flaCa^^f^ih^^,^*" 1 
In conclusion, UMP-l expression fa a S^rt fa w/j?1f rtM *- 
colon tissue but is highly expressed bv ™S w J ^ human 
rion with invading JC2 ££Z£a* m,ofibrob,!,s,s m =*socia. 



A prerequisite for cancer cell invasion and metastasis is th, 

JS^ElST b ,T IS media,ed b * Pro-eol^ymes 
such as the matnx. metalloproteinases (MMP) Under nh™!i 

manner.M Overe.pression of TIMpTT^^" ■ 
has shown a suppressive role in the malignant proj^i™ 

^,,ld J?P T d '°; lhis role of TMrT sev^i 

recent studjes have demonstrated mme rKftv™, *■ • several 

MMP-inhibitor including 

transformation and inhibition of apoptosis IS,' fnif iT 
tumor-promoting role of T1MP-] m ver7earwSf a r P ° sab e 
genesis.«-.OThu s . i, has been specuhtedLtTft^T T 
Ploy a dual ro ,e in cancer P ro%JZ and meS™ * ^ 

M^PmRNA die ! < haVe ' ,em0nsm ' ,ed U,at ™™ «i«ue levels of 

te?"^. described overexpression of 

JiMf I mKNA and protein m several cancer tVDes »-Jo w " 
over, we and others have demonstrated that measmemer,, 
creased plasma levels of TIMP-1 by immu„"ss a y s e n L as a 
strong marker for shon survival and reamer,,-,, it T ■ 
P? ,,,.s with colorectal cancer,- sj^onl 



r^T^S Pr0 ' eiB lc ^ S and P 001 f*»>* fa known for the 

pXi_3 26 ■ JAMr - J 35 mentioned above as well as for 

In order to better understand the roJe of TIMP I hi ~*^L~. , 

cancer have been published; however, the™ of Se^rS 

n^ulsne^r ^ WaS 
necuve ussne and basement membrane in both normal mucosa 

adenomas and adenocarcinomas wim only little S« "of tS 

re^riC^?, ' °° ^ ^ «omita anSfag^ 
reported that TIMP-1 was expressed in both stromal and epithelial 

mat £ wh^T^ r , « te »*»* « well as in adenocS 
mas, m whtch the neoplastic cells were strongly immunoreactivt 

an rtK°'* r l °- "I 01 ! 6 - "wnasteocie^ we undertook our studv 
s«.e^ n a, , TO^ y , ndj?ati0n ^Omstoche^deSot 
Saave^of^ XPreSS , ed , iD ^ ofi biobla»,in thearoma at 
me myasive front of colorectal adenocarcinomas Because TIMP 1 

uared V Te a) ' y o ^ M C0,0rec,al epiufeS J^,! 

uated the possibihry of using TIMP-1 as a diagnostic tool to 

adf ~m°as OTeCtal ^ ^ 



Materia) and methods 

Tissue samples 

iMrfH^"!? - was obuined from University Hos- 
^™t„- • J C °P enha S«. Denmark) in accordance wid, a 

2 F °, n ee ?^ •*»*■» sa ^P)es (fornralin fixed and paraffin 

c™o7e^l Id, f ' ed fr0m 1989 *° 1993 inc,uded Dukes' stage A 
polyps l/i l de " 0c 5 cin< ""« (« = «) and colorectal adenomatous 
PO'>PS |n — 6, j were pedunculated (1 with mild and 2- with 



coSSrG^m^ 

WcmaoD Fouodalion ^000-0111131, Gram sponsoi: 

macojo^TdlToi!!^ " 0,,c , TT« ms.im.e for Phar- 

versiiy. D^tok ° bl0iOSy - ^ v "^nary and Agricultural Uni- 

dSMJSSSb 200 *: Ac «P' cd "Vfaioa 7 June 2004 

io.S d w^!f). Sep ' Cmber 2004 in lnl "^ieuce (www. 

■ ■'<■■-: ■ 
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moderate dysplasia) and 3 were sessile (1 with moderate and 2 
with focally severe dysplasia)]. Samples from 16 colorectal ade- 
nocarcinomas (1 Dukes' stage A, 6 Pukes" stage B, 8 Dukes*, stage 
C and 1 Dukes* stage D), 1 villous adenoma and 1 malignant colon 
lymphoma were prospectively collected during 1999-2000. These 
prospectively collected tissue specimens were dissected so that 
samples contained bom normal mucosa and tumor tissue and were 
obtained within 30 min following surgical bowel resection. The 
specimens were immediately fixed in 4% neutral buffered formalin 
for 20-24 hr and then paraffin embedded. The 14 archival samples 
had also been formalin fixed and paraffin embedded. ' 

Generation of nonoverUrpping TIMP-1 cDNA fragments by PCR 
The full length TIMP-1 cDNA (GenBank NM_003254) cloned 
in pSP64 vector 29 was used as template to generate 2 nonoverlap- 
ping PCR fragments for in vitro transcription, and named f 104 (bp 
56-378) and f 106 (bp 398-680). First, the whole insert (-780 bp) 



was cut out by digestion with Hindltt and Bamttl and punned 
after agarose gel electrophoresis using the QiaexH gel extraction 
kit (Qiagen, Crawley, pnited Kingdom). To generate nonoverlap- 
ping antisense probes and the corresponding sense probe, 2 PCR 
fragments were generated using, upstream primers flanked by a 
linker sequence containing an EcoW restriction enzyme site (un- 
derlined nucleotides) and a T3 polymerase binding sequence 
(boldface) 5'- ( gagaatt cattaaccctcactaaagggaga)-3', and down- 
stream primers flanked by a linker sequence containing a BamYQ. 
restriction enzyme site and a T7 polymerase binding sequence 
5'-(ggatcctaatacgactcactat2gggag> : 3' 9. The TIMP-1 specific up- 
stream primers were 5'- acccaccatggccccctttg -3' for f 104 and 5'- 
(linker) - gcaggatggactcttgcaca -3' for O06. and the downstream 
primers were 5 r - linker- actcctcgctgcggttgtgg -V for H04 and 5' - 
(linker) - tatctgggaccgcagggact -3'.fbr fl06. PCR using the 2 fl 04 
primers of the 2 f 106 primers was done as previously described. 30 
The PCR products were purified by column chromatography 
using S-200HR microspin columns (Amersham Pharmacia Bio- 
tech, Inc., Piscatway, NJ), and their size tested by agarose gel 
electrophoresis. Both migrated as —300 bp fragments in accor- 
dance with the predicted size (322 and 282 bp, respectively). An 
ABI PRISM 310 genetic analyzer was employed for DNA se- 
quencing analysis and was performed according to the manufac- 
turer's instructions (Perkin Elmer, Applied Biosystems, Foster. 
City, CA) using me primers specified above. The DNA sequences 
obtained were confirmed by comparison with the specific TIMP-1 
cDNA nucleic acid sequence (GenBank NMJX)3254). 

Plasmids containing human MMP-2 cDNA (pCo!7201, bp 647- 
1284) and human MMP-9 cDNA (pCo!9202, bp 1751-2326) have 
been described elsewhere. 31 

In vitro transcription 

Antisense and sense riboprobes were labeled with * 5 S UTP 
(NEN, Boston, MA) by in vitro transcription using T7 and T3 
RNA polymerases (Roche, Basel, Switzerland). The DNA tem- 
plate was digested with DNase (Proraega, Madison, WI). Nonin- 
corporated 5:> S UTP and DNA was removed by column chroma- 
tography using S-200HR microspin columns (Amersham 
Pharmacia Biotech, Inc., Piscatway, NJ). The 3y S activity was 
adjusted for every probe by dilution to 500,000 cpm/pJ. 

In situ hybridization 

In situ hybridization was performed essentially as described 
previously. 32 hi brief, 3 pm paraffin sections were deparaffinized 
in xylene, hydrated with graded ethanol and boiled in a microwave 
oven for 10-12 min in 10 mM citrate buffer, pH b.0. After 
additional 20 min ai room. temperature, the sections were dehy- 
drated Willi graded ethanol and the 33 S labeled probes (2X 10 6 cpm 
in 20 m-1 hybridization mixture 55 per slide) incubated overnight at 
5o°C in a humidified chamber. Sections were washed in Mellen- 
dahl chambers with SSC buffers containing 0.1% SDS and ] 0 raM 
DTF at 150 rpni at 55°C using a Buhler incubation shaker (Jo- 
hanna Otto GmbH, Hechingen. Germany) for 10 min in 2XSSC, 



10 min in 0.5XSSC, and 10 min in 0.2 X SSC. Sections were then 
RNase A treated for 10 min to remove nonspecifically bound 
riboprobe. Subsequent wash was performed in 0.2 X SSC as spec- 
ified above. Sections were dehydrated and soaked into an autora- 
diographic emulsion (Ilford), exposed for 5t7 days if not otherwise 
stated and finally developed- Sections were counterstained with 
haematoxylin and eosin. 

Invnunoperoxidase staining 

ImmuriohistcK±emistry was performed essentially, as described 
previously. 1 * 2 Five micrometer paraffin sections were -deparaf? 
finized with Xylene and hydrated through ethanol/water dilutions. 
Tissue pretreatment was performed with protease-K (5 u*g/ml) 
digestion for 20 min. Sections were blocked for endogenous per- 
oxidase activity by treatment with \% hydrogen peroxide for 
15 min. The sections were washed in 50 mM Tris 150 mM NaCl, 
pH 7.6, containing 0-5% Triton X-100 (TBS-T). Incubation with 
-ranabe&es-was-done overnight at 4°C. Sheep polyclonal antibodies 



(pAb) against TEvGM and nonimmune goat IgG were used at a 
final concentration of 41) jig/ml. Two monoclonal antibodies 
(MAb) against TIMP-1, 33 NM4 (clone rTDC6A, NeoMarkersv Fre- 
mont, CA) and CalB2 (clone 147-oDl 1, Caffiiohem, Oncogene 
Res. Products, Cambridge, MA), and a MAb against trinitro- 
phenyl (TOP) 3 * were all incubated at 1.0 u-g/ml (all 3 MAbs are 
IgGl). CaB2 MAb recognizes both free TIMP-1 and TCMP-1 
in complex with MMPs. 33 NM4 MAb only recognizes free 
TIMP-1. 33 According to the manufacturer's descriptions, bpth 
MAbs are raised using recombinant human TIMP-1. The sheep 
polyclonal antibodies were raised by immunization with TIMP-1 
purified from human dermal fibroblasts. The IgG was obtained by 
triple precipitation using ammonium-sulfate and characterized by 
immunodiffusion and rocket i Immunoelectrophoresis. 35 In addi- 
tion, we have shown that the pAb recognize both free and MMP- 
complexed TIMP-1. 36 Furthermore, the specificity of the antibod- 
ies was analyzed by Western blotting analysis against recombinant 
human TIMP-1 expressed in NSO mouse myeloma cells. Here, the 
antibody preparation recognizes a band of approximately 28 kDa 
in accordance with the molecular weight of HMP-1. To certify 
that the pAb recognize TIMP-1 in colon rumors, the antibodies 
were immobilized on a sepharose column. Total protein extracted 
from 3 colon adenocarcinomas was passed through the column 5 
times and the bound and subsequently eluted protein analyzed in a 
Western blot using a TIMP-1 monoclonal antibody (MAO 5). A 
single band of approximately 28 kDa was revealed in accordance 
with the molecular weight of TTMP-1 (results not shown). In 
immunobistochemistry, the sheep pAb were detected with biotin- 
ylated rabbit-anti-goat IgG, which cross-react with sheep IgG 
(1:100, code E466, DakoCytoraation) followed by horseradish 
peroxidase in complex with streptavidin (code K317 > DakoCyto- 
mation). The MAbs were detected with the Envision- mouse re- 
agent (EnVision reagent, K4003, DakoCytoroation), followed by 
tyramine amplification, using biolinyl tyramine substrate as-spec- 
ified by the' manufacturer (Nen, Boston, MA)^ Sections were 
developed with NoyaRed substrate as specified by the manufac- 
turer (Vector Laboratories, Burlingnarae, CA) for 15 min. Finally, 
sections were counterstained in Mayers haemaioxylin, dehydrated 
in ethanol and mounted. 

Combined in situ hybridization and immunohistochemistry 

Double labeling by combining in situ hybridization and immu- 
nohistochemistry on paraffin sections has been described previ- 
ously. 32 In brief, using MAb against o-sm-actin (clone 1A4) 
diluted 1:1000, against cylokeratin (clone AE1/AE3) diluted 
l:J0O0. or against CD68 (clone PGM1) diluted 1:200, sections 
were incubated for 2 hours at room temperature and then detected 
with anii-roouse-IgG/horse radish peroxidase-conjugated polymers 
(Envision- mouse reagent, DakoCytomation, Glostrup.. Denmark). 
Sections were developed with diaminobenzidine (DAB) for 
7-10 min, and immediately dehydrated for in situ hybridization, 
which was performed as described above using the antisense 
probes of f 104. Sections were counterstained with haematoxylin. 
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Results 

Analysis of TIMP- J probes and antibodies for in situ 
hybridization and immunohistochemistry 

.Histopathologic*] diagnosis of prospectively collected speci- 
mens from 18 colorectal lesions revealed 16 colorectal adenocar- 
cinomas, 1 villous adenoma and 1 malignant lymphoma. *S- 
febeled anbsense and sense RNA probes were generated by in vitro 
™p? ^ m 2 , nanoveria PP in g D NA sequences of the human. 
TO4P- CDNA and tested by in situ hybridization on adjacent 
secuoqs from 5 of the colorectal adenocarcinomas. The 2 anosense 
probes showed ah identical hybridization pattern in all the 5 cases 
located in the stromal compartment surrounding the invading 
Ca "£ r ^Zt" "° Specific was with die 2 sense 

h^¥IM ) pT 0 '' eS, Whether "* rmP l mRNA was accom- 
panied by TIMP-1 protem expression, immunohistochemistry was 
performed on 8 of the adenocarcinomas (including the 5 roen- 
_|5gedabov^and me malignant lyjnj^omaj^ing^dieep,^ 
numan J1MFT) polyclonal anobbdies on sections adjacent to 
TIMP-1 in situ hybndized sections. The TIMP-1 mRNA and 
imraunoreacnyity was observed in the same cells in all of the 9 
™\™\ di »& "^lignant lymphoma. The 
anti-TOlP-1 polyclonal antibodies did not react with other cell 
populations m all of 8 adenocarcinomas and the malignant lym- 
phoma apart from some nonna] and malignant epithelial cells that 

W S?I $t2ined 0D *** luminal a P' ca l S"rf^e Two MAbs 
against TIMP-1 (CalB2 and NM4) required strong signal amphfi- 
canon but showed a staining partem similar to that of the poly- ■ 
clonal antibody preparation (Fig. 215), with the only acceptionUiat 

Z^t h* 6 l*"* *» luroiDa, a Pi"l S urfaL ofd,e 

noma] and malignant epithelium: No signi was obtained with 
n^ntmnne goat serum or a MAb (of same subclass as Calb2 and 
NM4) directed against the synthetic hapten trinilropbenyl (TNP). 
TlMP-l mRNA expression patterns in colon cancer 

Expression of TTMP-l mRNA was then analyzed in the remain- 
ing 9 colorectal lesions by in situ hybridization. TTMP-1 m*NA 



expression was in all the cases of colon adenocarcinoma (including 

cells' ,ZT ? l b ° Ve) bi ? My "J*"* in sl "> ma > fibrobla^S 
cells located at the invasive front (Ft' 3a d) TIMP I mW « 

signal was also observed in fibroblast ^aT^ft 
tumor stroma towards the colonic lumen in 8 i S ^ 
4ns ussue smicture was present (data not shown). No or 
TIMP-l mRNA was detected in the central pan of the carcino^ 
^Vma ■ V adenocaicinomas, we observed TIMM 

mRNA signal in some fibroblast-like cells located aroundd* 

from L ^ °' ,oca « ed » the .submucosa distal 

from the cancer area. The normal colonic mucosa, includin- the 
lannna propria that was present in all samples tested, was <»en<Saftv 
neganve (Kg. 3t.e). Only relatively weak TIMP-] A S 

I Sfr0n,al £- brO " aS, - like ce,ls «« « a 

jr icw nonnai crypts (hjg. 3c,j) in 3 out of 6 cases tested wirh 

extended exposure time (10 days vs. usually 5 days). In the viltom 
J^enoma, wesaw only a few TIMP-1 mRNA positive ceU S 
-™tcd-wrtrfrc^annn^^ (data ho , shown P° ^£ ««► 
rymphoma of .be colon, TIMP-1 mRNA expressing fibroblast 
cells were, drfferent from die adenocarcinomas, located in a mf! 
fuse patten, throughout the whole tumor. No TIMpT] mRNA 
signal was observed in any of die 18 cases in thrawceTSto 
smooth muscle cells or vascular cells. • • 




J^fir^iiJ 7 " i" 1 I, - Vbn ' di2a,i °n with 2 nonoverlappiu. T1WP-) 
speofic probes m human co on cancer Three adiac™ r 
colon adenocarcinoma were i.K»ba,ed wTh 2^0^^^ 
labeled annsense ^bes for TIMP-1 mRNA |fJM ft»£?53l 
and a correspond^' TIMP-1 sense Drobe fldfi M TtZ ■ • if 

frWttrfSssS 



Characterization of TIMP-1 mRNA expressing cells 

coM JiSSS^ 1 ™* 1 J? RNA I* Sitive nbroblast-Iike cells 
coWml S ' aSIS " ,dA * ^^Phages. sections from 4 
colorectal adenocarcinomas and the mahgnant lymphoma were 
first immanomstochemicaJly stained with antibodies direcS 

ceils (iMC)r or CD68 (for detection of macrophages) and subse- 

normal ccrfon tissue, ot-sm-actin is expressed by vascular smoo* 
muscle cells, smooth muscle cells of Lrina muscularis mucosae 
and ,u„,ca musculans as well as pericryptal myofibroblasts ar fo 
bh« h^TSI a ; Sra - a f » is "Passed by tumor-associated fibro- 
Wast-bke «lls located throughout the tumor stroma, which are 
defined as myofibroblasts. No TIMP-1 mRNA was detected in any 
^ P°«" ve a* 0 ** muscle cells, including those of the 
r^ !^ ""scularis mucosae and the tunica musculaiis. 

In addmon, no TIMP-1 mRNA was detected in the csm-actin 
positive pencryptal myofibroblasts of the lamina propria in any of . 

« <m „ ■ Tmp - 1 lnRNA ^ was in connast seen in 

Q-sm-actm-posmve tumor associated myofibroblasts located at the 
invasive front of the colon cancers. In 3 of the adenocarcinomas 
more than 80% of TTMP-1 mRNA-positive cells located close to 
^ ad, "l cancer cells were a-sm-actin-posi.ive (Fig. 4). 
TMP-1 mRNA positive fibroblast-like cells looted more distant 
from the mvasive cancer cells, towards the submucosa, expressed 
mle or no o-sm-act.n. In 1 adenocarcinoma and in the malignant 
lymphoma approximately 50% of the T1MP1 mRNA positive cells- 

coS ° T aC "t ThUS> thC TIMP1 mRNA expressing cells 
rZl ^.1 -* ub P°P uIauo " of mmor-associated myofibroblasts lo- 

^ ?M k ! "' VaS, J Ve ft ° n ' ° f 0,6 minor - No ™ U> -1 mRNA signal 
could be identified in any of die CD68-positive ce)ls (Fig. 4) 

Expression of TIMP-1 and MMP-2 and 9 in colon cancer 

MMP-2 and MMP-9 are 2 type IV collagenases expressed in the 
S v , e . cancer " ssue «»f colorectal adenocarcinomas. Thus 
MMP-2 has been reported to be expressed by fibroblast-like cells 

£dVno C .T a f° ma> and MMP - 9 b * macrophages at the 
leading edge of the mvasive cancer* To direc.lv compare the 
expressmn patterns of MMP-2 and MMP-9 with that of TIMP- 1 
a ,^ Cenl K eC "u nS ?° m 5 colore c*l adenocarcinomas were hybrid- 
n»n,r,f ^ ° r T,MP ■ , • MMP " 2 *>* MMp -» niRNAs. We 
ex , p,ess,on of TIMP -1 >^A was localized char- 
ihl ? Z y " fLrn S 4 V£ fr ° nt ° f me S«wi n 8 whereas 
o,LT P , °l MMP - m ™ A WaS mosl in '^c in .he central 
^ showing decreased expression towards die invasive front 
(Fig. oa). MMP-9 mRNA expressing cells were found a. .he 




Figure 2 -Jn situ hybridization and inimunohistochernistry for T1MP- J in human colon cancer, (/I) Two. adjacent sections from a human colon 
adenocarcinoma were incubated with polyclonal antibodies against TIMP-1 (o.c) and a TIMP-1 mRNA antisense probe (b). The TJMP-1 
immunoreaciiviry (red-biown color, arrows in a and c) and the TIMP-1 niRNA (silver grains, arrows in b) are identified in the same cells (arrows 
in a.b). Immunoperoxidase staining with the TIMP-1 pAb reveals the TIMP-1 -positive cells as fibroblast-like cells (arrows in c) located in the 
stroma (St). NoTTMP-J immnnoreactivity is seen in cancer cells (Ca). bars ±= 50 u,m; <r. bars =13 pjn. (B) Four consecutive adjacent 
sections were incubated with CalB2 MAb anti-TIMP-J ( a \ NM4 MAb (b), sheep ami TIMP-1 pAb (c) or mouse ami TNP {d). The 3 MAbs 
were detected with Envision reagent followed by TS amplification and the sheep pAb with biothrylated rabbit anti-goat followed by 
HRP-conjugaied sueptavjdin (see Material and methods). The 3 TIMP-J antibodies react with the same cells (arrows). No irnmunoic activity js 
seen when the sections are incubated with anti-TNP. 



invasive front like those expressing TIMP-1 mRNA bin with a 
distinctly different distribution. Foci with high expression of 
TIMP-1 mRNA were not accompanied with increased expression 
of MMP-9 mRNA and vice-versa (Fig. 5b). Thus, TIMP-1 mRNA 
expression is not coregulated with MMP-2 or MMP-9 nxRNA 
expression. 

TJMP-] in adenomas and Dukes' stage A carcinomas 

TIMP-1 antisen can readily.be measured in blood and we have 
previously reported that levels of T1MP- 1 in blood are significantly 



elevated in colorectal cancer patients compared to healthy donors 
and that high plasma TIMP-1 levels are associated with short 
survival of colorectal cancer patients. 2136 TIMP-1 has therefore 
been suggested to be a novel marker for detection of early stage 
colorectal cancer and for prognostic stratification of colorectal 
cancer patients.- J ^ These findings, together with the characteristic 
expression pattern of TIMP-1 at the invasive front of virtually all 
the colon cancers and the absence or minute TIMP-1 expression in 
normal ar)d benign colon mucosa, prompted the evaluation of 
TIMP-1 expression as a marker for early invasive colon cancer. 
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Fjgure 3 -Expression patterns of TTMP-J mRNA in Wn i v^^^^^™^ 
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FiciWE 4 - Double ]abelin o for T1MP 1 m RM4 a 
myofibroblasts fbJack arrows in <?) whereas nn rrvce " a-sm-actin Jmmunoreacijv tv in fibrobW-liV,. .kf, . 1 



Therefore, we compared T7MP-) mRNA expression in i„ ,Ar 
MM) 6 colorectal adenomatous polyps wirhZlZ"'Z 
additional 8 Dukes' s,a,e A co.orecS adenoc^"^^ 
mRNA S1 .„al was detected in 2 of the 6 adenomas, wb rea alU 
Dukes siaoe A carcinomas showed T1MP-) mRNA si.nM ,i , i. 

SST X fis - 6} - ,n 1 posi,ive ad ~ SS3B 

* "* NA «pr«s>on was confined lo a single focus in 

oSSi^-Tr^ 1""' ocaJ 

r»g. oj. Howeve,, h.stologjeal analysis of additional sections from 
b. :a mp .e clearly revealed disrupuon of the dysplast fc ShE 
» .he same area. I„ the other TIMP-l nrRNA positive den '"^ 

oc , d nround smokeries no, directly associated wi,h JZZ 
3i ea (d.iia not shown). 



sbowtd TIM ^Z^ 9 ^ 5 Sta = e A ^cinomas ana.yzed 
lb ° nvtTvP f k ex P ,e "'on '» myofibroblasts located a. 

onlv r o r 7°'h ° f tUm ° ,S - Whe, '" S eX P'" si0 » ** detected 
cel°« assocfJn f™"™'™*'" "'-ese was seen in fibroblast-like 

.merfteT n T,f,r f °"' ln , fli "»™ li °" « «* tpi.belial-s.romal 
.merface ,„ 2 of the cases and with arteries in .he submucosa in ) 



Discussion 

Our study xvns undenaken to clarify i»e expression and ceJh.br 

octn £L* 0 C M T inhibh0r ThMP - j 10 h «™ ^ ade 

omi en RNA ' k ^ f ° Unded 00 * e use of 2 s P edfic 
ont»sen,e RNA probes derived from 2 nonover)nppin S TIMP-l 
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Figure 5 - /n rff w hybridization for TTMP- 1 , MMPr2 and MMP-9 in 
human colon cancer. (A) Adjacent sections were incubated with probes 
specific for TIMP-1 mRNA (a,c) and MMP-2 mRMA (b,d), respec- 
tively, and is shown in brigbtfield [a,b) and darkficld illumination 
(c.d). The TTMP- J mRNA signal increases towards the subrnucosa 
(Sm) whereas the MMP-2 mRNA signal decreases and is most intense 
in the central areas (Ca). {B) Adjacent sections were incubated with 
probes specific for TTMP-1 mRNA {a.c) and MMP-9 mRNA ib.d), 
respectively, and is here shown in bright field ia.b) and darkfield 
illumination {c,d). Both the TIMP-1 mRNA signal and the MMP-9 
mRNA signal are most intense at the invasive front towards the 
submucosa (Sm), but their expression patterns are quite different, wiih 
MMP-9 showing die most restricted expression. Bars .= 100 u.m. 



cDNA fragments and specific pAb and MAbs against human 
TIMP-1. The TIMP-1 mRNA signal in all colorectal adenocarci- 
nomas investigated was seen in fibroblasi-like cells located in the 
tumor periphery. An identical hybridization patient was observed 
with the 2 antisense TIMP-1 probes and application of comple- 
mentary sense probes on neighboring tissue sections as negative 
controls did not result in any hybridization signal; therefore, we 
conclude that the hybridization signal generated with the antisense 
probes represents the genuine TTMP- J mRNA. TIMP-1 immnno- 
rcactivity was also distinctly located in fibroblast-like stromal cells 
in_the_tumor. periphery, and these cells were identified to be the 
same cells as the TIMP-1 mRNA expressing cells. A preparation 



of sheep pAb against human TIMP^l 35 and 2 well-characterized 
MAbs stained the very same cells in the tumor stroma. Weak 
staining of the apical surface of some norrnal and malignant 
epithelial cells was observed with the pAb in some of the samples. 
No staining was obtained when roeanti-TTMP-l antibodies were 
substituted with nonimmune goat serum or anti-TNP MAb incu- 
bated at the saine concentrations. These nbomuxom'stochenvca] 
findings strongly suggest that the- TTMP-1 antigen detected in tbi 
fibroblast-Hke cells represents the genuine TTMP-1 protein. 

In our study, we found TTMP-1 mRNA expression in stromal 
fibroblast-like cells located in the tumor periphery in all colorectal 
adenocarcinomas tested, whereas no expression was detected in. 
the.canceT cells in. any -of the cases tested." This finding is in 
agreementwith studies by Zeng and colleagues, 12 ' 20 but is partly in 
disagreement with fmdings by Newel) and' colleagues. 27 In addi- 
tion to TTMP-1 mRNA signal in fibroblast-Iike cells in the tumor 
_4^aipbejy^tikffl detected a weak TIMP-1 

mRNA signal in both benign and malighait epithelial cells. 27 This 
observation was, however, based on the use of probes- from a 
singleTTMP-l cDNA subclone and no additional controls- to verify 
the expression pattern. The difference between our results and 
those of Newell and colleagues may be explained by methodolog- 
ical differences, since the procedure employed by Newell and 
colleagues was in several steps different from the one used in the 
present study, Newell and colleagues used 3 p : labeled probes, 
whereas we used 35 s -labeled probes. It is in this context notewor- 
thy that in order to look for a low expression level of TTMP-1 
mRNA, we performed in situ hybridization experiments with pro- 
longed exposure time (10 days vj. usually 5 days) with both our 
TIMP-1 antisense probes and both TTMP-1 sense probes, but with 
this challenge we did not detect any TTMP-1 mRNA in any 
epithelial cells. It cannot be excluded though that the TTMP-1 
mRNA is expressed in epithelial cells below the detection limit of 
out in situ hybridization procedure. 

An interesting observation in our study was the characteristic 
intense TTMP-1 mRNA and protein expression in the tumor pe- 
riphery of all colon adenocarcinomas, while little or no expression 
was seen in the center of the carcinomas. Only in the colorectal 
lymphoma did we find TTMP-1 mRNA and protein expression in 
fibroblast-like cells located throughout the tumor tissue. The 
TTMP-1 expression pattern in the colon adenocarcinomas is in 
contrast to the expression pattern reported by Hewitt and col- 
leagues, 19 who found that the TTMP-1 staining in most colorectal 
adenocarcinomas was equally intense in fibroblasts throughout the 
tumors and that some of the cases even showed decreased TTMP-1 
signal intensity towards the tumor periphery. This difference may 
be explained by possible cross-reactivity of the polyclonal anti- 
bodies employed by Hewitt and colleagues or that Hewitt and 
colleagues employed cryostat sections, while we analyzed paraffin 
sections. * 

The TTMP- J expressing cells had a fibroblast-like morphology 
and using combined in situ hybridization for TTMP-1 mRNA and 
immunohistocheraistry for a-sm-actin, we found that many, gen- 
erally more than 50%, of the TTMP-1 mRNA positive cells coex- 
pressed a-sm-actin. According to the cellular morphology of the 
TIMP-^1 expressing cells and their localization in the invasive 
front, we could conclude that the cells were myofibroblasts and not 
smooth muscle cells. 

The myofibroblast is a cell type present in the normal colon 
mucosa, that originally was described as a pericryptal fibro- 
blast 37 < A0 and later was identified with antibodies against a-sm- 
actin.- 7 In the lamina propria, the myofibroblasts form a contmu-. 
ons cell layer just below the intestinal epithelium. The pericryptaJ 
myofibroblasts are phenotypicaUy different from the neighboring 
quiescent interstitial fibroblasts that do not express markers of 
smooth muscle cells. 4) During early steps of colonic tumorigenesis 
the number of myofibroblasts is significantly increased. 41 The 
TIMP-1 expressing myofibroblasts may be generated after activa- 
tion of the pericryptal myofibroblasts and/or the quiescent inter- 
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stma] fibroblasts. Adegboyega and colleagues^ hypothesized that 
the tumor-associated myofibroblasts originate from the quiescent 
mterstmal fibroblasts of the lamina propria, rather than from peri- 
cryptal myofibroblast or smooth muscle cells, which may help to 
explain why we found some of the T1MP-1 mRNA expressino 
fibroblast-hJce cells ot-sm-actin-posilive and some o>sm-actin-ne°- 
ative. 0 

Several MMPs including MMP-2, MMP-11 and MMP- 14 are 
expressed by fibroblast-like cells in human colon cancer 2^1,42-44 
some of which may indeed be myofibroblasts. The role of the (mvo-) 
. fibroblasts in colon cancer progression is not known. Since TJMP-] in 
human colon cancer appears only to be expressed by fibroblast- like 
cells most of which are myofibroblasts, and since high T1MP-1 levels 
measured in blood or tumor extracts from colon cancer patients are 
strongly associated with a poor prognosis,** ^ h cou]d ^ aroue(J 
that the 71MP-1 expressing myofibroblasts play a twnor-promoun* 
role, lmmunohistocheirucal localization studies of proteins involved 
in the aenvauon and regulation of the efficient serine protease plas- 
minogen, including urokinase plasminogen activator (uPA) and its 
specific inhibitor PAl-1 show that both are mainly expressed by 
myofibroblasts in human breast cancer. J -^ fi Hieh levels of uPA and 
PAl-1 are strongly correlated with poor prognosis in breast can- 
cer, '• supporting the assumption that the myofibroblast express a 
promoting role in cancer invasion. We recently reported ihai the 
predominan. PAJ- 1 expressing cell in human colorectal cancer aho is 
the myofibroblast,^ and earlier studies indicated that elevated levels 
of PAJ-1 in colon cancer patients are associated with poor proono- 
sis.-- Together these findings indicate that myofibroblasts are strong 
contributing to the expression of proteins involved in the re^lation'of 
extracellular matnx degrading proteases that facilitate eanceV invasion ■ 
and metastasis. 

A panicdarly interesting finding 0/ the present study was the 
absence of TJMP-1 mRNA in 4 of? adenomas, where:* in all of 
9 Dukes stage A carcinomas the TIMP- J mRNA was expressed in ■ 
fibroblas[-hke cells alone the invasive front. In the 2 benign lesions 
m which .he TIMP-1 mRNA was seen in the adenom/nrea the 



TIMP-1 mRNA positive cells were confined to a single focus with 
locally increased inflammation related to the dysplastic epithelium 
Evident disruption of the dysplastic epithelium was observed in the 
adenoma with most intense TJMP-1 rnRNA signal. Intestinal in- 
flammation may be caused by disruption of the mucous epithelium 
that leads to focal leakage of mucinous colon material into the 
lamina propna. Increased intestinal permeability is a common 
deficiency in Crohn's disease and interestingly TIMP-1 mRNA 
was found in the intestinal granulation tissue of Crohn's disease 50 
and is expressed by myofibroblasts isolated from Crohn's dis- 
eased Induction of TIMP- 1 in myofibroblasts in a beni<m or 
preinvasive tumor may also be a response to locally increased 
MMP activity or a response to the presence of a specific MMP in 
the local microenvironment. MMP-2 and MMP-9 mRNA expres- 
sion, however, did not appear to be cpregulated with TIMP-1 
mRNA expression in the colorectal adenocarcinomas. Specific 
MMPs may indeed be involved in the transition of noninvasive to 
invasive disease; in smdies of preinvasive lesions (ductal carcino- 
mas m situ) of the human breast we recently reported that MMP-13 
»s specifically expressed in myofibroblasts associated with micro- 
invasive events. 52 Future studies may clarify whether TIMP-1 
expression 111 colorectal adenomas is con-elated with expression of 
specific MMPs, cytokines and/or growth factors, such as TGF-pi 
and TGF-^251, and whether TIMP- 1 can be used as a histopatho- 
logjca) marker for malignancy in colorectal tumors. 
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ABSTRACT 



Matrix metalloproteinase- 1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 (T1MP-1) play an impor- 
tant role in remodeling the extracellular matrix in normal and pathological processes. The effect of phorbol-myris- 
tate acetate (PMA), interleukin-l (EL-1), and tumor necrosis factor-a (TNF-a) on MMP-1 and TIMP-1 expres- 
sion was studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 1736 thyroid 
carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA (mRNA) levels were monitored by 
competitive semiquantitative reverse transcriptase polymerase chain reaction (RT-PCR) after 24 hours. Culture 
supernatants were assayed for free and/or complexed MMP-1 and 7TMP-1 after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems (detection limit: <2 ng/mL). MMP-1 and T1MP-1 mRNA were present in 
all cell types, although thyrocytes showed MMP-1 mRNA levels near the detection limit. 8505 C expressed MMP- 
1 mRNA levels of up to 10 6 rimes those of the other cells analyzed. PMA and EL- 1 increased MMP-1 mRNA in 
most cell types. T1MP-1 mRNA increased after treatment with PMA in all cells except 8505 C, whereas only 
slight effects were shown after IL-1 stimulation. MMP-1 protein was undetectable in normal thyxocyte cultures, 
but was secreted spontaneously by all cell lines ([ng/mL]; C 643: 15 ± 7; HTh 74: 81 ± 1; SW 1736: 13 rt 2; 
8505C: 2097 ± 320). There was a strong correlation between levels of MMP-1 mRNA and protein (r = 0.99, 
p < .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. Fibroblasts ([ng/mL] 517 ± 
55) and the cell lines (C 643: 142 ^ 48; HTh 74: 115 ± 13; SW 1736: 202 ± 14; 8505 C: 120 ± 19) secreted 
HMP-1 in unstimulated cultures, whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulatcd TLMP-1 secretion after 48 hours in SW 1736, HTb 74, and C 643 cells. Our data 
suggest that in contrast to normal thyrocytes, dedifferentiated thyroid carcinoma cell lines arc potential produc- 
ers of MMP-1 as well as TIMP-1. High MMP-1 or MMP-l/ITMP-1 expression may play a role in tissue inva- 
sion of undifferentiated thyroid cancer cells. 



INTRODUCTION 

MATRIX METALLOPROTEFNASES, (MMPs) constitute a 
family of structurally related proteolytic enzymes re- 
sponsible for the proteolytic degradation of extracellular 
matrix (ECM) components. They are important partici- 
pants in normal tissue remodeling and contribute to the 
phenorype of several pathological conditions that are as^ 
sociated with progressive ECM degradation. MMPs are 
highly regulated at different levels (1). At the transcrip- 
tional level, MMP expression can be directly induced or 



suppressed on external stimulation, ie, with cytokines, 
phorbol 12-myristate 13-acetate (PMA), lipopolysaccaride 
(LPS), or retinoic acid (2,3). After secretion at post-tran- 
scriptional level, latent MMP proenzymes are regulated by 
proteolytic activation and interaction with tissue inhibitors 
of matrix metalloproteinase (TIMPs), their specific in- 
hibitors. Any imbalance berween the proteolytic MMPs ac- 
tivities and the TIMPs that could be influenced and caused 
by cytokines could potentially lead to pathological condi- 
tions (4). , . 

MMP-1, although known as an interstitial collagenase, 
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is the only enzyme active at neutral pH that can degrade 
extracellular fibers comprised of collagen types I, I], and 
III. With this initial step, MMP-1 provides, the cleavage 
products to other collagenase types (5). The major specific 
inhibitor of MMP-1 is TlMP-1, a 28.5-kd glycoprotein, 
which forms 1:1 stoichiometric complexes with the pro- 
tease (6). Cytokines and growth factors have been shown 
to regulate the expression of both MMP-1 "and TlMP-1 
U>7,8). 

Although the participation of MMP-1 as the initial col- 
lagenase in tissue breakdown during tumor development is 
well documented (9-11), only one study has described the 
expression (12) but no study has as yet investigated the reg- 
ulation of this enzyme in different thyroid tumors. Few stud- 
ies have been published investigating the role of other 
MMPs in normal and pathological thyroid tissue by in situ 
hybridization and immunohistochemistry (15-16). Fur- 
thermore, tissue remodeling includes both the action of 
MMPs and their inhibitors; thus, these enzymes could be 
involved in autoimmune and other nonautoimmune thyroid 
diseases during morphological changes (17,18). It is still un- 
known whether or not thyrocytes are able to express MMPs 
and TTMPs. Although type JV collagenases (MMP-2 and 
MMP-9) were detected in various human epithelial cells of 
different tissue origin (19,20), only one study described the 
secretion of MMP>1 by epithelial celJs (21). 

Highly purified normal thyrocytes and four thyroid car- 
cinoma cell lines were included in this srudy to investigate 
the involvement of these cells in MMP-1 and TlMP-1 pro- 
duction during thyroid tissue remodeling processes and in 
malignant thyroid neoplasms. MMP-1 and TlMP-1 ex- 
pression were studied at both the mRNA and protein level 
by semiquantitative RT-PCR and ELISA measurement, re- 
spectively. 

In unstimulated carcinoma cell lines both MMP-1 and 
TlMP-1 mRNA were expressed, partly at a high level, fol- 
lowed by the spontaneous secretion of the proteins. The 
various conditions for the stimulation of the different ceil 
lines by cytokines and PMA were defined. In contrast to 
the cell lines, normal thyrocytes did not secrete MMP-1 
and only trace amount of TIMP-1, even after stimulation 
with PMA. 



MATERIALS AND METHODS 

Preparation of tissues, thyroid-derived ceils, and 
cell lines 

Thyrocytes were prepared from surgical thyroid speci- 
mens from 3 patients (1 Graves' disease, 2 nontoxic goi- 
ter; mean age 543 - 5.0 years). Fibroblasts were separated 
from thyroid tissue of 5 other patients (3 Graves' disease, 
2 nontoxic goiter; mean age 43.6 ± 6.4 years). Graves' dis- 
ease and nontoxic goiter were diagnosed on the strength 
of clinical, biochemical, and immunologic features as well 
as thyroid scintiscans. 

Thyroid tissue was trimmed of far and connective rissue 
immediately after surgery. Thyroidrderived cells were en- 
riched a/ier gradual enzymatic digestion of tissue and cul- 
tured over a period of 16 hours as described. Thyrocytes 
were obtained horn the adherent fraction by incubainig 
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the cell monolayer with phosphate buffered saline (PBS) 
without Ca 2 "/Mg 2+ for 45 minutes (22). Residual fibro- 
blasts were removed after subsequent incubation of the 
cells with the fibroblast-specific mab FibASOl (22) and 
goat-anti-mouse IgG-DYNABEADS® M450 (DYNAL, 
Hamburg, Germany) according to the manufacturer's pro- 
tocol.. 

Thyroid-derived fibroblasts were obtained after cujturing 
small pieces of thyroid tissue in Dulbeccos's Modified Ea- 
gle's Medium (DMEM) with 10% fetal calf serum (FCS) 
and harvested in the 5th to 7th passage. The purity of the 
thyrocytes and fibroblasts was determined by using indirect 
immunofluorescence technique on a FACS-Scan (Becton 
Dickinson GmbH, Heidelberg, Germany) as described (22)i 
The following human anaplastic thyroid carcinoma cell 
lines were cultured in DMEM with 10% FCS: C 643 (23)- 
SW 1736 (23); and HTh 74 (24). The cell line 8505 C (25) 
was purchased from the German Collection of Microor- 
ganisms and Animal Cell Cultures (DSM ACC219). This 
cell line was established from a primary thyroid tumor 
characterized histologically as a undifferentiated carcinoma 
that was partially composed of poorly differentiated pap- 
illary cells (25). This is a feature of a subgroup of anaplas- 
tic carcinoma (26). The majority of these coexistent better 
differentiated carcinoma foci in anaplastic carcinoma were 
papillary (26); 

In vitro cultures 

Using 24-welI plates, 1 X 10* cells were cultured for 24 ' 
hours. The medium was aspirated and replaced with 500 
ML OPTl-MEM (G1BCO BRL, Grand Island, NY) without 
FCS to eliminate possible stimulation of MMP-1 and 
TlMP-1 production by FCS. The medium contained the 
desired concentration of human IL-la (10 U/ml; Pepro 
Tech EC Ltd., London, UK), TNF-a (100 U/mL; Pepro 
Tech EC Ltd.), interferon- y (IFN-y) (500 U/mL; Pepro 
Tech EC Ltd.), or 10 ng/mL PMA (SIGMA) 

Triplicate cultures of each stimulator were ana lyred af- 
ter 3, 6, and 24 hours at the mRNA and after 24 and 48 
hours at the protein level. The supematants were removed 
and stored at -80*C for further use. First, a collagenolyric 
assay based on the digestion of type 1 collagen was per- 
formed. This method showed direct evidence of free pro- 
MMP-1 enzyme in the cell culture supernatants of un- 
stimulated and 1L- la stimulated 8505 C, HTh 74, and 
C634 cells (data not shown). However, the method docs 
not allow quantitation of MMP-1 eruyme activity. Thus, 
the cell culture supernatants were assayed for MMP-1, 
TlMP-1, and MMP1/T1MP-1 complex by ELISA (Amer- 
sham Life Sciences, Braunschweig, Germany). The MMP- 
1 assay (sensitivity: 1.7 ng/mL) detected only total human 
MMP-1, ie, free MMP-1 and MMP-1 complexed with in- 
hibitors such as TlMP-1. It did not detect MMP-1 bound 
by the nonspecific protease inhibitor a r microglobulin. 
The MMP-1/T1MP-1 assay (sensitivity: 1.5 ng/mL) de- 
lected MMP-1/TIMP-] complex, ie, activated MMP-1 that 
has been subsequently complexed with the specific N4MP- 
1/ inhibitor TLMP-1. It did not detect free active MMP-1, 
free TlMP-1, or pro-MMP-1. There was no cross-reactiv- 
ity with active MMP-1 bound by the nonspecific protease 
inhibitor a 2 rmacroglobulin. The TJMP-1 assay (sensitivity: 
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1.25 ng/mL) detected total human TIMP-1, ie, free TIMP- 
1 and that complexed with MMPs. The assay did fully 
cross-react with TIMP-1 in complexes with other MMP. 
It did not cross-react with TIMP-2. 

RNA extraction and cDNA synthesis 

For gene expression studies, 5 mL RNAzol™ B (Biotex 
Laboratories Inc., Houston, TX) was added to the cell cul- 
ture wells. The content of three wells of any cell type was 
pooled and then stored frozen for further mRNA analysis 
in liquid nitrogen. Total cellular RNA (cDNA) was iso- 
lated from the probes according to the manufacturer's pro- 
tocol. RNA was fractionated on a denaturing 1.0% agarose 
gel and stained with ethidium bromide to confirm that 
spectrophotometry measurements were accurate arid that 
the RNA had not been degraded. Five micrograms total 
RNA was reverse-transcribed to cDNA using the First- 
strand cDNA synthesis kit of Pharmacia (Uppsala, Swe- 
den), in a total reaction volume of 15 u.L. 

mRNA analysis by competitive RT-PCR 

To correct for variations across different cDNA prepa- 
rations, all samples were first adjusted to contain equal in- 
put glyceralderyde-3-phosphate dehydrogenase (GAPDH) . 
cDNA concentrations. Semi-quantitative GAPDH RT-PCR 
was used with a heterologeous synthetic competitor frag- 
ment. The generation of the specific PCR products from 
the competitor and the cDNA with the GAPDH primers 
were published earlier (22,27). 

We then estimated the MMP-1 and TlMP^l cDNA in 
these adjusted samples. The primers were selected using the 
DNAsis computer program (Hitachi Software Engineering 
Co, Yokohama, Japan). The primer pairs span one or more 
introns to allow unambiguous discrimination berween 
cDNA and unwelcome contaminating genomic DNA. In 
quantising MMP-1 and TTMPrl cDNA, a rapid one-step 
method was introduced to synthesize an internal homolo- 
geous competitor (plan diagram of procedure: Fig. 1, ex- 
emplary for MMP-1 [28]. A hybrid primer was synthesized 
(MMP-1 hy) that consisted of two segments (seg], seg 2 ). It 
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FIG. 1. General scheme for generating homologous com- 
petitors used for quantitative PCR. 



had a length of 40 nucleotides, in which 20 nucleotides (seg,) 
at the 3' end corresponded to the opposite strand of the tar- 
get sequence a predetermined distance from primer MMP- 
lf, and 20 nucleotides at the 5' end (seg2 = MMP-lr) that 
corresponded to the target sequence upstream from the seg- 
ment segi. Amplification with the primers MMP- If and 
MMP-1 hy from the cDNA resulted in a 478-base pair (bp) 
(polymerase chain reaction (PCR) product. It was freed from 
excess primers and deoxynuclepside- triphosphates (dNTPs) 
using the Qiaquick Gel Extraction Kh (Qiagen GmbH, 
Hilden, Germany) and quantified. A known number of 
copies of the competitor was introduced in the GAPDH-ad- 
justed samples and amplified with the primers MMP-lf and 
MMP-lr. With this approach, two products were generated, 
one derived from the cDNA (560 bp) arid another, 82 bp 
smaller in size derived from the internal competitor (Fig. 1). 
PCR products were resolved by gel electrophoresis (1.5% 
agarose gel). The relative amounts of sample cDNA and 
competitor were quantified by measuring the intensity of 
ethidium fluorescence with a CCD image sensor and ana- 
lyzing the data with the EASY program (Herolab, Wiesloch, 
Germany). The initial amounts of sample cDNA and com- 
petitor were assumed to be equal in those reactions where 
the ratio of the two products was judged to be equal. This 
was expressed in arbitrary units (AU) (22,29). One AU was 
defined as the lowest concentration of competitor yielding 
a delectable amplification product when added to PCR 
alone. For example, if equivalence between sample cDNA 
and competitor was reached using a 100-fold concentrated 
competitor the relative sample cDNA concentration was 100 
AU. Thyrocytes and the cell lines were analyzed for the ex- 
pression of thyroid-specific and cytokine receptor mRNAs 
in a simple RT-PCR. The sequences of the TPO and cy- 
tokine receptor primer pairs have been published by Wat- 
son ct al. (30) and Tada et al. (31) and gave the following 
product sizes: TPO: 506 bp; 1L-1R type 1 (p80):30Q bp; 1L- 
1R type D (p68): 392 bp; TNF-aR (p75): 324 bp; TNF-aR 
(p55): 587 bp and IFN- 7 R: 899 bp. The thyreoglobulin (Tg) 
and thyroid stimulating hormone receptor (TSH 1 R) primer 
pairs were selected according to the published sequences us- 
ing the DNAsis program (Table 1). 

Each 25-/iL amplification reaction contained 2.5 /aL 
10 X concentrated PCR buffer (15 mM MgCI 2 , Boehringer 
Mannheim, Germany), 0.3 U Taq DNA polymerase 
(Boehringer Mannheim, Germany), 100 /jlM dNTPs 
(Perkin Elmer, Weiterstadt, Germany), 0.1 ^tM of each 
primer (1MB, Jena, Germany), and 1 u.L cDNA and com- 
petitor in adjusted dilution. Furthermore, restriction map- 
ping (restriction enzymes: Boehringer Mannheim GmbH, 
Germany) was carried out to confirm the originality of the 
PCR product (Fig. 1, Table 1). 

Statistics 

Protein levels of thyrocyte or fibroblast cultures from the 
different patients arid of the thyroid carcinoma cell lines ob- 
tained from three separate experiments were presented as 
mean ± SEM values. Statistical comparisons between un- 
stimulated and stimulated cell cultures were performed by 
the alternate (Welch) t-test. The correlation berween basal 
mRNA levels and the unstimulated protein secretion in all 
cell types was calculated according to the Spearman method. 
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. Table 1. Primers. Length of Amplified Templates, Restriction Mapping and Assay CoNbmoNS for RT-PCR 







Primer 




Length of 


Length of 


Annealing . 


Number of 






y* 


-J' 


cDNA (bp)- 


competitor (bp) 


temperature 


cycles 


Tg 


forward 


GCAGATCTTACTGAGTGGCT 




416 




60 


35 




reverse 


TGTCAGCACAGTGGCAATAC 










TSH-R 


forward 


ACTTGCTGCAGCTGGTGCT 




354 




65 


35 


exons J-4 


reverse 


TGAGGGCATCAGGGTCTATG 










TSH-R 


forward 


GAAATTCGGAATACCAGGAACTTA ACT 


896 




53 


35 


exons 4-10 


reverse 


AACTCATCGGACTTGGGGGTACA 












MMP-1 


forward. 


TGGGAGCAAACACATCTGAC 




560 


478 . 


64 


33 




reverse 


ATCACTTCTCCCCGAATCGT 












hybrid 


ATCACTTCTCCCCGAATCGT 
CCATATATGGGTTGGATGCC 












TLMP-1 


forward 


CTTAGGGGATGCCGCTGACA 




351 


274 


64 


30 




reverse 


GGCAGGCAGGCAAGGTGACG 










hybrid 


GGCAGGCAGGCAAGGTGACG 
GGATGGATAAACAGGGAAAC 













Tg indicates thyroglobuline; TSH-R, thyroid stimulating hormone receptor, MMP-1. matrix racialloprotcinasc-l; TEvfP-1. tissue inhibitor of 
metalloproleinase-1; bp, base pair. 



RESULTS 

Thyroid specific and cytokine receptor 
mRNA expression 

Isolated thyrocytes as well as 8505 C cells expressed Tg 
and thyroperoxidase (TPO) mRNA, whereas transcripts of 
the TSH-R (exons 1-4, 354 bp, exons 4-1 0, 896 bp) were 
present only in the thyrocytes. The three anaplastic thy- 
roid carcinoma cell lines SW 1736> C 634, and HTh 74 
were completely negative for the Tg, TPO, and TSH-R mR- 
NAs (Fig. 2). All cell lines and thyrocytes expressed IL-1R 
(type 1 and type II), TNF-oR (p75 and p55) and IFN-yR 
mRNA (Fig. 2). 

Basal MMP1 and TIMP-1 mRNA and 
protein expression 

In most stimulation experiments, mRNA levels did not 
increase until 24 hours of incubation. The 24-hour mRNA 
levels are shown in Figures 3 and 4. The 3- and 6-hour 
levels are demonstrated in those experiments where the 
mRNA levels reached their peak before 24 hours of stim- 
ulation. If nor otherwise indicated, the MMP-1 levels were 
measured using the EL1SA system, which recognizes 
free/complexed MMP-1. 

MMP-1 and TIMP-1 mRNA were found during un- 
stimulated culture in all investigated cell types, although 
the mRNA levels varied over a great range. 8505 G showed 
a basal MMP-1 mRNA level 20 times as high as those of 
the HTh 74 ceils, 6 X 10 4 times as high as C 643, and 2 X 
10 6 times as high as SW 1736 cells. In thyrocytes, MMP- 
1 mRNA levels were found near the detection limit (Figs. 
3 and 4). 

Generally, when analyzing the noted cell rypes, the mea- 
sured basal MMP-1 or TIMP-1 mRNA levels correlated 
well with the basal protein expression (MMP-1: r = 0.99, 
p< .0001;T1MP-I:r = 0.98,p< .002). Corresponding to 
the high MMP-1 mRNA level, 8505 C cells secreted ex- . 
i rcmely high levels of MMP- 1 . No MMP- 1 or TJMP- ] was 



detected in unstimulated thyrocyte cultures at any time- 
point examined. All other cell rypes showed a spontaneous 
MMP-1 and TIMP-1 secretion (Figs. 5 and 6). Thyroid- 
derived fibroblasts produced basal TIMP-1 levels of up to 
4 times higher in the four carcinoma cell lines, which se- 
creted nearly the same amounts of basal TTMP-1 protein. 
Nevertheless, TIMP-1 secretion of fibroblasts was found 
at lower levels than expected after TIMP-1 mRNA mea- 
surement in 4 of 5 analyzed patients. The results of the fi- 
broblast cultures from patient five showing a higher TTMP- 
1 expression than those from the 4 other patients (basal 
24 hour: 50 ± 2; PMA 24 hour: 90 ±- 6 ng/mL TLMP-1) 
was omitted in Figure 6. 

Comparing the basal amount of free/complex ed and 
TIMP-1 complexed MMP-1 after 24 hours of stimulation, 
a significant level of MMP-1 was not complexed with 
TIMP-1 in 8505 C cultures, whereas in fibroblast cultures 
most of the MMP-1 activity was inhibited by TLMP-1. The 
anaplastic carcinoma cell line HTh 74 did not show such 
a great discrepancy between free/complexed and TIMP-1 
complexed MMP-1 level as 8505 C cells (Fig. 7). 

Effects of 1 L I a on MMP-1 and TIMP-1 mRNA and 
protein expression 

Experiments were performed to determine whether hu- 
man thyroid epithelial cells and thyroid carcinoma cell lines 
could produce or increase basal MMP-1 and TIMP-1 se- 
cretion after exposure to various stimuli. The results from 
these stimulation experiments are summarized in Figures 
3 through 5. Generally, there was a delay in protein se- 
cretion level in comparison to the mRNA expression level. 
At the protein level, the cyiokine-mediated stimulating or 
inhibiting effect is more distinct after 48 hours compared 
with 24 hours, even when the mRNA level had already de- 
creased after 6 hours. 

IL-1 upregulated MMP-1 mRNA in SW 1736-cells up 
to J 00 times and, in thyroid-derived fibroblasts, up to 12 
times after 24 hours of incubation (Fig. 3). This increased 
mRNA level was accompanied by a significandy enhanced 
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FIG. 2. Amplification of thyroid specific and interleukin-rcceptor mRNA in thyrocytcs (1), SW 3736 (2), C 643 (3), HTh 
74 (4) and 8505 C (5) cells using RT-PCR; M r = 100-bp ladder (G1BCO). 



MMP-1 secretion after 48 hours. Furthermore, IL-1 a in- 
creased MMP-1 mRNA expression in thyrocytes up to 
seven times after 6 hours, but no MjMP-1 protein could be 
detected in thyrocyre cultures. IL-1 had no stimulatory ef- 
fect on MMP-1 mRNA expression in C 643, HTh 74, and 
8505 C cells after 24 hours, although a significant increase 
of MMP-1 secretion was found in HTh-74 and SW 1736 
cells after 48 hours of incubation {Fig. 5). This discrepancy 
may be explained by a possible increase in MMP-1 mRNA 
level after 24 hours of stimulation. The same effect could 
also be observed in the IL-1 stimulated TIMP-] at the 
mRNA as well as the protein level: the only slight effect 
of IL-1 on TIMP-1 mRNA expression in carcinoma cell 
lines after 24 hours was accompanied by a significant in- 
crease of T1MP-1 secretion in 8505 C and HTh 74 cells 
after 48 hours {Figs. 4 and 6). 

Effects of TNF-a on both MMP-l/TlMP-l mRNA 
and protein expression 

In contrast to IL-1, TNF-a did not stimulate the MMP- 
1 and T1MP-1 mRNA and protein levels in all carcinoma 
cell lines and thyrocytes. Only rhyroid-derived fibroblasts 
responded with a slight upregulation of MMP-1 and T1MP- 
1 mRNA expression after TNF-a stimulation, which was 
not accompanied by an increase of MMP-1 and T1MP-1 
secretion. 



Effects of PMA, and IFN-y on MMP-1 and T1MP-1 
mRNA and protein expression 

PMA was included in our study as a positive control 
because it is known to upregulatc.or induce both MMP- 
1 and TIMP-1 secretion in various cell types (1,32). In- 
deed, PMA was able to induce or enhance MMP-1 
mRNA levels in all cell types investigated, although the 
detected levels varied to a large extent (Fig. 3). This re- 
sult is in good correlation with the significantly increased 
MMP-1 protein levels that were already detectable after 
24 hours of stimulation (Fig. 5). PMA upregulated T1MP- 

1 mRNA levels by up to 20 times in C 643, and up to 

2 times in SW 1736 and HTh 74 cells, fibroblasts and 
thyrocytes, but if did not change the TIMP-1 mRNA con- 
tent in 8505 cells {Fig. 4). At the protein level, we found 
a significant stimulation of TIMP-1 secretion in C 643 
and HTh 74 cells, as well as in thyroid-derived fibrob- 
lasts (Fig. 6). 

In contrast to PMA, lFN-v was without effect on stim- 
ulation or downregulation of MMP-1 and TIMP-1 mRNA 
or protein in anv of the cell types investigated (Figs 5 and 

6). 

The main inhibitor of MMP-) isTlMP-I, which forms 
1:3 stoichiometric complexes with MMP- 1 , although some 
other inhibitors can also bind MMP-1. On the other hand, 
T1MP-) can bind other MMP types. 
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FIG. 3. Representative samples of competitive amplified MMP-1 mRNA of thyrocytes, thyroid-derived fibroblasts and thy- 
roid carcmoma celt lines w.thout stimulation (control) and after stimulation with 10 U/mL IL-la and 100 U/mL TNF-a and 
10 ng/mL PMA after 24 hours Serial dilutions of known amounts of the competitor fragment were coamplified with identi- 
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DISCUSSION 

Our findings demonstrate for the first time that thyroid 
carcinoma cell lines are able to express MMP-1 and T1MP- 
1 mRNA and protein at significant levels in vitro. The ob- 
servation of spontaneous release of MMP-1 and 71MP-1 
corresponds well with earlier studies covering the secretion 
of these proteins by several carcinoma cell lines (33,34). 

However, in contrast to its clear physiological function 
in extracellular matrix breakdown, the role of MMP-1 in 
tumor growth and metastases is still controversial 
(9-11,35). Recently, Murray et al. (10) demonstrated that 
MMP-1 is associated with poor prognosis in colorectal can- 
cer, and has a prognostic value independent of the Dukes 
stage. Therefore, MMP-1 could be a target for therapeu- 
tic intervention in such tumors. Furthermore, the hypoth- 
esis of whether or not cancer cells themselves arc able to 



produce MMP, or whether cancer cells stimulate the sur- 
rounding stromal cells to secrete MMP in vivo, is disputed. 
MMP-1 mRNA and protein were detected by both in situ 
hybridization and immunohisiochemistry in stromal as 
well as tumor cells of head, neck, gastric, colorectal, and 
mammary carcinomas (9,10,36,37). In contrast, 
Kameyama (12) demonstrated by in situ hybridization that 
the MMP-1 mRNA was not expressed in the cancer cells 
but in the surrounding fibrous capsules of strongly differ- 
entiated papillary thyroid carcinoma tissue. Highly differ- 
entiated follicular carcinomas and follicular adenomas 
were depleted for MMP-1 transcripts. Undifferentiated fol- 
liculary, papillary, and aggressive anaplastic carcinomas 
that showed poor prognosis and strong tumor invasive and 
metastatic potential and that can be compared in their 
morphological, genetic and growth features with undiffer- 
entiated thyroid carcinoma cell lines were nor included this 
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FIG 4. Competitive TIMP-1 mRNA RT-PCR yielding a 351-bp fcDNA) and a 274-bp (competitor) PCR product. For fur- 
ther details sec Figure 3. 



study. However, the missing expression of MMP-1 by nor- 
mal thyrocytes and the spontaneous secretion of this pro- 
tein by highly malignant thyroid carcinoma cell lines, as 
demonstrated in our study, indicate the involvement of 
MMP-1 secretion of transformed thyrocytes in aggressive 
thyroid tumors. 

Although all cell lines analyzed in our study sponta- 
neously secreted MMP-1, we observed marked differences 
in the basal secretion capacity. The highest MMP-1 levels 
were determined in cultures of 8505 C cells. Only 8505 C 
cells expressed TPO and Tg mRNA that may be put down 
to residual differentiated components in the cell line (see 
Materials). However, none of the analyzed cell lines ex- 
pressed TSH-R mRNA. The cell population doubling times 
were less than 40 hours. All cell lines had accumulations 
of multiple genetic events. These facts indicate the undif- 
ferentiated pathology of the studied lines. It is well known 
that anaplastic carcinoma cell lines well retain the malig- 
nant characterises of their parental tumors (38--40). 

Furthermore, we found a distorted proportion between 
MMP-1 and TIMP-I mRNA/protein for carcinoma cell 
lines but not for normal thyroid-derived fibroblasts. The 
most disadvantageous constellation between MMP-1 and 
HMPO was found in 8505 C cells. Similar to other stud- 
ies (41), these results suggest the influence of an altered 
MMP/TIMP relation on tumor progression. However it 



should be mentioned that most studies, including the pre- 
sent one, do not take into consideration that a number of 
inhibitors distinct from TIMP-1 may regulate MMP-1 ac- 
tivity. Taking into account that the balance of active en- 
zyme and TIMP-1 concentration strongly influence the ex- 
tent of local matrix degradation, a number of studies 
showed unexpectedly high levels of TIMP-1 in malignant 
neoplasms (9,42,43). There is a great discussion as to 
whether the overall expression of MMP-1 and TIMP-1 or 
the amount of noncomplexed MMP-1 could be critical in 
aggressive tumor development. This fact underlines the na- 
ture of tissue breakdown, reflecting the complicated net- 
work of selective and coordinated production of individ- 
ual proteinases and inhibitors under normal and 
pathophysiological conditions. Thus, the invasive and 
metastatic potential of thyroid tumors depends on the lo- 
cal net level of active MMPs. 

The synthesis of MMP-1 and TJMP-1 is influenced by a 
variety of biochemical stimuli. The recent findings on 
MMP-1 and TIMP T 1 gene promoters are useful in under- 
standing the complex mechanisms implied in the regula- 
tion of MMP synthesis modulated by cytokines ar\d tumor 
promoters (34,44,45). The promoter regions contain ru- 
mor promoter responsive elements (TRE) and binding mo- 
tifs for the transcription factor PEA-3, which are recog- 
nized by proro-oncogenic transcription factors T such as the 
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FIG. 7. Comparison between (i) free/complex and (ii) TIMP- 
1 complexed MMM levels, and (iii) TIMP-1 levels in super- 
natants of unstimulated 8505 C and HTh 74 cells, and thy- 
roid-derived fibroblasts after 24 hours using a (i) MMP-1 
EL1SA that recognizes total MMP-1 (see Figure 5). The (ii) 
MMP-l/TlMP-1 assay recognizes MMP-l/TlMP-1 complexes, 
ie, activated MMP-1 that has subsequently been completed 
with the specific MMP inhibitor T1MP-1. The (iii) T1MP-1 
ELBA recognizes total TIMP-1 , ie, free T1MP-1 and that com- 
plcxcd with MMPs. 



fos and fun family (45-47). IL-I, TNF-ct, and PMA up- 
regulate proto-oncogenes like fos and jun, resulting in the 
stimulation of MMP-1 and TIMP-1 (45,48). The action of 
the cytokines is mediated by their specific receptors. In our 
study, JLOR (type J and type II), TNF-oR { p 75 and p55) 
and IFN-yR mRNAs were demonstrated in all investigated' 
celi types. PMA and IL-1 were shown to elevate MMP-1 
and TIMP-1 in nearly all cell types investigated, thus con- 
firming the results of several studies on other epithelial cells 
(reviewed in refs. 1,7,49). Jn ithe majority of experiments, 
we found a concordant expression of MMP-1 and TIMP- 
1 after stimulation, possibly achieved by the coordinated 
actions of the nuclear transcription factors, although MM P- 
1 and TIMP-1 expression can also be independently or even 
reciprocally regulated (1). The effect of TNF-o was not as 
distinct as in the case of PMA and IL-1, although several 
investigators found a pronounced effect of TNF-a particu- 
larly on TIMP-1 secretion (4,34). In contrast to studies per- . 
formed with other cell types (863,864,819), IFN-y did not 
influence MMP-1 and TIMP-1 expression in thyroid carci- 
noma cell lines. In summary, the involvement of the in- 
trathyroidal physiological and pathological cytokine mi- 
ooenvironmem in the regularion of MMP-1 and TIMP-1 
induction activation and inhibition is strongly suggested. 

Furthermore, the data demonstrate that regular human 
ihyrocytes did not produce MMP-1, even after powerful 
stimulation with PMA. Investigating other mammalian ep- 
ithelial cells, only one study revealed the production of 
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MMP-1 by rabbit corneal cells (21). It is yet not clear 
whether the MMP-1 mRNA detected in thyrocytes is due 
to a low level of constitutive transcription of the MMP-1 
gene (illegitimate transcription), an existing pool of stable 
MMP-I mRNA, or.m vitro induction of MMP-1 mRNA. 
But it seems more likely that residual fibroblasts contained 
in the purified thyrocyte preparation (<0.2%) art respon- 
sible for the slightly positive RT-PCR results. Another ex- 
planation could be that thyrocytes are indeed MMP-1 pro- 
ducers, but the ELISA detection system used was not 
sensitive enough to measure extremely low MMP-1 secre- 
tion levels. Furthermore, the discrepancy between elevated 
TIMP-1 mRNA levels of thyrocytes and the extremely low 
TIMP-1 protein secretion by these cells is difficult to ex- 
plain. Post-transcriptional regulatory events may be re- 
sponsible for this confounding result. 

Taken together, the present study suggests that the in- 
trathyroida! cytokine microenvironmcnt is involved in the 
regulation of MMP-1 and its inhibitor TIMP-1 in the thy- 
roid, and that both proteins may be secreted by dediffer- 
entiated thyroid carcinoma cells and involved in aggressive 
thyroid tumors in vivo. 
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